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1.0 INTRODUCTION

JThe Survey Probe Infrared Celestial Experiment (SPICE) Program is
a refurbishment and modification to an Infrared System previously called
Hi Hi Star Sensor System. The Hi Hi Star System had been designed,
fabricated and tested under Air Force Contract F04701-71-C-0148. This
system was flown on an Aerobee 350 vehicle that was launched from
White Sands Missile Range (WSMR) in February 1974. - Due to vehicle prob-
lems on this flight, there was an early re-entry that resulted in pay-
load damage.

In December 1976, Rockwell International (RI) received the SPICE
contract (f19628-77-C-0049) from the Air Force Geophysics Laboratory
(AFGL). This contract was later modified to ref]ect'changes nécessary
to interface with an ARIES vehicle instead of the previously planned
Aerobee 350. The availability of the ARIES provides greater data
collection time.

The SPICE Sensor System was launched from WSMR in January 1979.
Due to vehicle problems, no sky map data were taken and the sensor
system again sustained damage due to a landing estimated at approximately
150 gs.

The svstem was again refurbished and was launched from WSMR in
September 1982. This flight went well with sky map data being collected
and the payload successfully received.

»
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The system was returned to RI where it was cleaned and retested.
Some minor modifications were completed and the system was delivered to
AFGL. After delivery, system operation was verified and the unit is
ready to support a flight. There are currently no plans for this flight
at AFGL.
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2.0 SPICE !

2.1 TELESCOPE ASSEMBLY

2.1.1 Front Cover and Background Plate

During the vehicle re-entry of the Hi Hi Star flight, the front
cover was lost and the retract mechanism badly damaged. A honeycomb type
cover (Hi Hi Star duplicate) was fabricated and the retract mechanism
refurbished. Later contract changes required that a redesigned cover also
be provided. This was due to the use of an ARIES vehicle (Figure 2-1) for
added flight data time. The new system would be Tinear along the roll axis
whereas the old system was angular in the plane of the yaw axis. Due to
these changes, a different mounting design was needed. The mount was to
be attached to the cover using eight #10 screws. Because the addition of
eight #10 screw holes would create a much greater chance of vacuum leak,
it was decided not to modify the honeycomb cover. A solid aluminum ribbed
cover was designed and fabricated (Figure 2-2). Guide pins were added to
ensure correct alignment between the front cover, the outer housing, the
background plate and the inner housing.

A new Blackbody Chopper Assembly was fabricated. Some design
improvements were incorporated to reduce the thermal build-up that would
occur within the chopper after a series of "BB Calibration" commands. An
additional twisted pair of five mil pure gold wires were soldered from aft
end of the solenoid plunger to the base of the assembly (see 11 in Figure 2-3).
Layers of two mil indium were placed between each mating surface of the
chopper assembly for a better thermal contact all the way to the cold
background plate. The solenoid guide pin (anti rotation) was replaced on
the inner cavity with a guide blade eliminating any tendency for the plunger
to hang up or stall. The Chopper Assembly was installed into a Helium Test
Dewar and tested under cryocgenic conditions. All tendency for the chopper
to hang up or stall or for the temperature to rise past the critical
operating point had been eliminated.

2-1
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A new background plate was required because the original was part of
the cover assembly which was lost during premature re-entry of the Hi Hi Star
payload. The background plate was fabricated per the existing drawings
but instead of being hard wired to the front cover, a connector was installed
between the two. This greatly facilitated assembly and disassembly. The
previous background plate assembly was held together by interference tolerance
but the new one was soldered together. This proved to be stronger and also
permitted better heat transfer from the background plate through the spring
fingers to the inner housing. New background plate hardware was built and
the complete assembly was joined to the solid aluminum cover (see
Figure 2-4).

2-5
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2.1.2 Optics

A measurement of the scattering characteristics of the sensor
primary mirror was conducted. The purpose was to determine the cleanliness
and to find if degradation had occurred since the measurement performed
when the mirror polishing was completed.

The setup used to measure the mirror is shown in Figure 2-5, The basic
elements of the setup includes the C0, laser source, the chopper, the attenuator
box, the sensor rotary table, the mirror rotation platform, the sensor package
and the lock-in amplifier. The attenuator box allows the power level to be
adjusted in order to read the power level of the focused spot and the readings
at varjous off-focus positions. The sensor rotary table allows the sensor to
rotate about a spot directly under the illuminated mirror area. The mirror
platform allows three dimensional adjustments.of the mirror position as well
as rotation of the mirror. The sensor package has a telescope with a 1"
diameter aperture and a re-imaging section to restrict the viewing angle. A
Helium cooled Hg-Ge detector is used as the sensing element. A lock-in
amplifier phased to the chopper is used to increase sensitivity.

Readings were taken to determine the relative off-focus energy
reflected from the mirror surface. The mirror was rotated to obtain the
variation in off-axis readings at a given angle. These variations are an
indication of the cleanliness experimental setup, The specular power, PT is

given by v

where VSp is the on-axis-focus spot voltage reading, R is the responsivity of
the sensor in volts per watt and T is the transmission of the sensor's
telescope. The off-axis voltage readings Vi can be represented by

: AM Pi AT Ty R cos 8 (2)

Vi

2
where AM is the area of tge illuminated spot on the mirror, Pi is the reflected
power density in watts/cm™, @ is the off-focus angle, AT is the collecting

aperture of the sensor telescope and r is the distance from the mirror surface

2-7
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to the collecting aperture. The scattered energy is assumed to be Lambertian,
scattering into n steradians as a function of the cosine of the angle 8. The
guantity of interest is the coefficient of reflectance for the scattered
energy. This coefficient, p will be per steradian and can be represented by

Pi Mw

nPT

(3)

which by combining Equations 1, 2 and 3 can be written as

AN
Pz V1 A Eos [*] (4)
sg/ T

The values of Vi and VSp are taken from the measured data in the log book. The
diameter of the collecting aperture was 1 inch and the distance of the
collecting aperture from the mirror was 16 inches. A plot of ¢ versus the
angle from the focused spot is given in Figure 2-6. This plotted data is also
given in tabular form in Table 1. Examing the data obtained as the mirror

was rotated at 5° off-focus indicates a random variation in readings which is
indicative of small amounts of surface contamination found even on freshly
cleaned mirrors. The variation was found to be .67 to 7.53 x 10'5. Even a
few dust particles can cause a relatively large variation at these levels.
Highly contaminated mirrors show a higher and usually more even level of
scattering.

In comparing the present scattering data with the previous scattering

data (see Figure 2-6), it is concluded that the mirror scattering coefficient
is similar.

2-9
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TABLE 1
MIRROR SCATTERING COEFFICIENTS

0ff-Focus Angle @ in Degrees
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2.1.3 Mechanical Assembly

After stray radiation testing, the mirrors (4) were cleaned by
Rockwell's Optical Department and telescope reassembly was started (Figure 2-7).
Telescope assembly was performed in the Class 100 clean room in B/202 at
Anaheim, California (Figure 2-8). The individual parts were detergent or
solvent washed, deionized water or solvent rinsed, then dry nitrogen dried
before installation. To facilitate assembly, various assembly tools were
designed and fabricated. During this and previous assembly and disassembly,
it was found that several unnecessary and precarious steps could be eliminated
using the newly developed tools. A new alignment reticle was designed and
installed using a white ceramic base with black lines. This unit was easier
to see, and align to, than the old mirrored reticle. The superinsulation
was washed in freon and hung out to dry. This was done after the individual
sheets were cut. The cutting of the superinsulation for Hi Hi Star was done
with a type of rolling pizza cutter. This method would leave slivers of mylar.
Tt was found that a single edge razor blade was most efficient in performing
this job. This supercleaning of the superinsulation also seemed to help the
telescope assembly to attain a higher vacuum by removal of any machine il
or other contaminates on the mylar.

The assembly and testing of the SPICE telescope was performed using
the applicable specifications for the job to be performed. These specifications
were redlined and modified as required. The latest revision of all applicable
specifications can be found in the Appendix to this document.

New longer cryogenic transfer were designed. These included a 45°
angle at the telescope fill and exhaust port end to be compatible with the new
Wentworth Institute Payload Telescope access port, These were fabricated
by the Cryolab Corporation.




€77-551/201

auvO0e
SDINOH LD33
IVYIIdAL

SISSYHD S3INOH 12313

L404dNS
HvINgNL

SHOLDINNOD
NYM1 0334
JILINHIN —

HIDNASNVHL
WNNDJVYA

1HOd 114
HOHHIN 1HOISIH08

40123130

dVH1S 318IX3IVd
INVd TvO04

$30010 ONILLING

NSV IHNLYIAY ONILINT {€) AOH LHOddNS

31vd
£) INVA H30ISS oz:ocww.oé o
H3IA
dOLAS AO4 AN
NOWLVINSNI
HOuHIN /
AVI3H ONZ ONISNOH HINNI
HOUYYIN AUVNIHY
ONISNOH HILNO
HOHHIW AVI3Y IS T8 271: 1) oW N¥alel:) Tol Aat:]
HVYM3O
HOHHIW ONIAT04
HIONVYHIXI LvIH SNO3SVH
38N1 1HO0dINS HOLD3130
hid - - — — —— S—— —— -— R

Figure 2-7




£77-551/201

B =

Figure 2-8
2-14




C77-551/201

2.2 FOCAL PLANE

A new Focal Plane Assembly (FPA) was designed. The 54 element
detector array utilized doped silicon detectors. The detector elements were
mounted with the contacts parallel to the incoming radiation. The radiated
surface uses transparent contacts as shown in Figure 2-9. The 54 detectors
were divided into three (longband, midband, shortband) subarrays. The
subarrays are filtered so that they respond to three adjacent parts of the
infrared spectrum. The detectors are lined up into columns so that the
adjacent channels overlap in the direction of scan (see Figure 2-10).
Because the longband array is biased at a lower voltage, it had to be
electrically isolated from the FPA. A sapphire isolator (Figure 2-11) was
used because of its excellent thermal conductivity (O.3°K difference between
longband and midband). The only drawback in using this material is that it
is extremely brittle and it is necessarv to replace it every time the FPA is
reworked.

The low noise (siliconix G118) MOSFET preamps and 10'% ohm load
resistors are located in the FPA adjacent to its respective detector
(Figure 2-12). The load resistors are a (ELTEX 102) metal oxide composition.
After testing of FPA was completed at Anaheim, the unit was sent to Naval
Oceans Systems Center for testing/verification of spectral response and NEP
measurements.

The new FPA, like the previous one, is easily installed and removed
from the telescope.
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2.3 ELECTRONICS

Reguirements for a new focal plane also made it necessary to
redesign the post amplifiers (DSP's). The customer's requirements
dictated the detector width of 2.5 arc minutes (0.727 mr). With the
telescope's focal length of 30.55 inches, detector width = 0.0222 inches.
The dwell time on each detector was calculated to be 2.78 ms. It was
necessary to extend the bandwidth to 180 Hz. After investigating the
feasibility of modifying the Hybrid Thin Film Circuits (HTFC's), it
became apparent thaf this would not be compatable with the impending
flight schedule. Instead, it was decided to make the modifications on
the DSP modules. Following this rework, all of the channels were tested
with input pulses of 2.78 ms duration whose amplitudes were varied from
+ 100 microvolts to + 5.0 volts. The DSP output symetry in response to
positive-going and negative-going pulses varied from channel to channel.
A typical response (Figure 2-13) of the test was plotted.

The power supply regulator module was replaced prior to vibration
testing. The original module had been thermally overstressed near the
end of the Hi Hi Star flight. When the front cover assembly and retract
mechanism were torn off of the telescope prior to the "cover install"
command, the retract mechanism wiring was broken and exposed the chassis
ground, signal ground, and +24 vdc to one another. This power was routed

through the P/S regulator module causing its printed circuitry to overheat.

The new P/S regulator module operated trouble free throughout the SPICE I
Program.
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2.4 PCM

A new PCM encoder was required to support this program due to
increased data rate. The (Hi Hi Star) Base Ten encoder was replaced by
one manufactured by Teledyne Controls. One basic difference between them
is that Base Ten sampled the detector outputs sequentially in one compiete
color band before sampling the next band (S1, S2, S3....L16, L17, L18) whereas
the Teledyne unit sampled in alternate color bands (S1, M1, L1....518, M18,
L18). Another difference is the increased data rate. The Hi Hi Star rate
was 245 kilobits per second versus 960 kilobits per second on SPICE I.
The dc input range is zero to plus five volts dc. The electrical and
physical interface was unchanged (Figure 2-14) as per specification.

The existing PCM decommutator (Base Ten) could not be made compatable
to the new encoder requirements. A decommutator was obtained from Decom
Systems Inc. (DSI). This new decom was delivered as part of the AGE
console P/N 40523-509.
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2.5 INTEGRATION TESTS AND FLIGHT SUPPORT
Testing of the SPICE sensor was completed in April 1978 with the unit
being delivered to Air Force Geophysics Laboratory (AFGL) in Boston, Mass.
A copy of the test report from the vibration tests which were conducted on
the sensor prior to delivery is included as Appendix A.

Rockwell support was provided for the sensor during integration testing
at AFGL from May 1978 until October 1978. The payload was shipped to
White Sands Missile Range (WSMR) in October and support continued during
integration and testing of the payload to the vehicle.

The telescope cooldown requires approximately sixteen hours and 140
liters of cryogens. Once the telescope cryo system is capped off, the
detectors can be maintained at a predetermined temperature for a minimum of
six hours. All relevant housekeeping signals are telemetered out along with
the detector information.

The electronics performed quite normal throughout this phase of the
program. There were some temperature sensitive circuits which were
corrected during integration tests at AFGL. Detector wideband noise
comparisons in the following table were measured at A) Anaheim post
vibration, B) AFGL first cooldown, C) WSMR t-43 min.

SHORTBAND MIDBAND LONGBAND
ch A 8 C A 8 C A B8 C
1 53 235 20 36 21 18 45 27 27
2 46 11.5 20 33 26 17 65 190 48
3 40 12.0 20 47 49.5 17 59 29 40
4 43 10.0 15 4 26 20 50 29 17
5 31 24.0 19 36 29.5 20 34 27 20
6 34 11.0 17 32 *2v 15 54 22 19
7 43 1.5 12 4 30.5 17 32 65 20
8 50 12.0 19 36 40.5 24 39 140 19
9 43 11.6 18 43 24.5 34 3 174 19
0 37 3.8 16 34 18.5 30 37 36 19 .
H 31 10.3 15 40 25 22 43 215 21
i2 30 23.5 16 K3 26.5 29 55 32 20
3 37 34 25 56 36.5 20 4 33 18
T 32 1.5 20 2 30 20 32 36 20
9 20 3.0 23 35 25.5 22 39 23 19
5 36 1.3 20 39 38 21 34 24 18
7 10 4.0 10 33 25 27 42 21 18
s 27 13.0 20 3C 27.5 22 49 26 29
2C 38 13.7 205 83 97 73 83 117 09
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The SPICE sensor system was launched aboard an ARIES vehicle on
January 27, 1979 from WSMR (Figure 2-15). Due to vehicle problems, no sky
mapping data were obtained. Sensor data with the front cover installed
indicated the sensor system was operating properly. A1l vital signs, i.e.,
noise levels, temperatures, etc. were good including the emitter diode signals
for all channels which were operated 75 seconds into the flight just prior
to the time for cover removal.

The sensor operation was to be a sequence where the vehicle door is

opened, the front cover removed and the sensor rotated out for data collection.

Due to vehicle problems, the door did not ovoen, therefore the remaining
sequence did not occur.

During normal operation, the vehicle separates at Station 163 after
engine burn-out (see Figure 2-16), then after re-entry, the nose cone is
separated for the parachutes to come out of the recovery section allowing
for a slow rate descent and landing with Station 163 down. This sequence
vccurred correctly except for problems resulting in damaged parachutes and a
high rate of descent. When the vehicle landed, it collapsed from Station 163
to Station 155 due to impact with the ground (Figures 2-17 and 2-18). The
star tracker, etc. which was installed in this area was driven back collapsing
the cover removal screw jack assembly and bending the equipment platform next
to the sensor to the point where it impacted the sensor forcing the sensor out
towards the vehicle door.
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Figure 2-18
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2.6 POST FLIGHT EVALUATION .
The SPICE sensor and related equipment were shipped directly to

Rockwell International at Anaheim for closer examination and evaluation.
Upon first examination it looked like the telescope had been totaled
(Figure 2-19). With closer inspection, however, the telescope seemed

to have survived with a large percent of its components still in tact. The
mirrors (all four) were all right. The focal plane array was okay. The
outer housing was in good condition except for a few minor scratches.
Although the electronics cover was damaged (Figure 2-20), the rear
telescope cover was fine. The primary mirror support ring and all the
optical cone assembly and its mirror were also all right. The inner
housing had come loose and flew forward. This destroyed the cold background
plate assembly (Figures 2-21 and 2-22), but the new solid aluminum front
cover was repairable. The cryogen tank and heat exchanger assembly was
badly damaged so that the tank (Figure 2-23) had to be replaced, but the
heat exchanger frame was salvageable by replacing the flattened tubing
(Figure 2-24). When the inner housing came forward, it sheared the support
rods off at the outer housing (Figure 2-25). The inner housing was
destroyed (Figure 2-26), and would have to be replaced.

2-30




oo

L] - (] s - - - - L2

C77-551/201

Figure 2-19
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Figure 2-25
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3.0 SPICE II

3.1 TELESCOPE ASSEMBLY

3.1.1 Front Cover and Background Plate

The front cover was stripped of anodizing and the nickel plating
on the o'ring lip. The cover was then straightened using a hydraulic
press. This removed all of the warp or bending of the cover. The angled
o'ring surface was machined down to ensure removal of slight imperfections
(small dents), and to ensure a perfectly round lip. The "D" hole for
connector 2J10 was damaged during impact, so it was machined out and a new
one made and E.B. welded in place. The unit was then x-rayed for faults
and when none were found, it was re-anodized and the front edge nickel
plated. Rockwell's Optical Department lapped and polished the o'ring
surface of the nickel plated front edge. A connector was installed and the
assembly was tested and found to have no leaks. The blackbody was
installed and wired to the connector. A strip connector was wired to the
connector to accept the wire bundle from the cold background plate. New
longer guide pins were fabricated and installed completing the front cover
assembly.

The cold background plate assembly had to be almost completely
refabricated (Figure 3-1). This included a new plate, spring fingers,
outer ring pull off and push on support units. The only part that was
recoverable was the blackbody chopper assembly. It had been completely
dismantled, thoroughly cleaned and reassembled. The plate itself was sent
to Cohen-Ebner of Brooklyn, New York to be gold plated over nickel plate,
but with no copper, this produced a great finish on the plate. The ring,
fingers, and plate were soldered together like the previous background plate.
The wires from the two temperature sensors, and the blackbody choprer were
terminated in the other half of the strip connector that was used on the .
front cover assembly.




Figure 3-1
3-2
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Fifty two sheets of superinsulation were cut, freon washed and
installed between the cold background assembly plate and the front cover
assembly. Four of these sheets were larger diameter so that they would
bend up on the outer edge to cover the open ends of the other 48 layers.
The two connectors were connected and the wires staked down, completing the
front cover cold background plate assembly.

3.1.2 Mechanical Assembly

A new inner housing was built using the same construction methods as
Hi Hi Star. When the housing was finished, it was a much cleaner item due to
the fact that no test heaters or test only temperature sensors had been
epoxyed on then removed to leave residue on the surface. The inner housing
was then lapped at the front cover, primary mirror support ring and the folding
mirror mating surfaces to make them flat and parai 21 to each other. The
forward edge was then nickel plated where the cold background plate interfaces
with the inner housing. The rest was grey anodized. The required temperature
sensors (new) were then attached and the wires routed to a strip connector
near the rear inner face surface.

The mirror support ring was examined and found to be all right. It
was paper lapped to remove any burrs and parallelism was also checked. The
unit was then thoroughly cleaned.

The new cryogen tank was built (Figure 3-2) according to existing
drawings except for the upper and lower half toroids. Originally these were
very thin stainless shells to keep the payload light. Because this isn't as
important on the SPICE program, the new ones were made thicker so as to make
the tank sturdier and less prone to vacuum leaks. The heat exchanger survived
the impact except for the tubing. Again the original tubing was very thin
nickel tubing used because of weight savings. Regular copper tubing was
substituted resulting in a weight gain but also in a cost saving and heat
transfer advantage (Figure 3-3). The copper tubing was silver soldered to
the bulkhead. The parts were cleaned and assembled (Figure 3-4). Included
in the assembly were new fill and vent lines, new dewar support, new rear
support tube, and a new cold strap and sapphire isolator were installed with
indium washers to the inside cold post of the tank.

3-3
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Figure 3-4
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ATl four mirrors were delivered to uptics group for cleaning and
inspection. A1l mounting surfaces were lapped to ensure flatness, then the
mirrors were optically cleaned. The first relay with its stray radiation
cylinder was installed onto the mirror support ring and the bolts safely wired.
Next the second relay mirror and field mask were then attached to the mirror
support cone. The baffle cone and rectangular field stop were also attached
to the mirror support cone. All wiring and temp sensors were installed and
properly routed during this assembly. The support cone and mirror assembly was
then joined to the mirror support ring, and its screws safety wired. Lastly
the primary mirror was installed on the mirror support ring.

The outer housing was cleaned and inspected. A slight dent was removed
from over the front o'ring groove with a fine pumas stone. A 30° x 1/8 inch
bevel was machined into the rear of the outer housing to facilitate o'ring
insertion. The front opening was checked for roundness and found to be
satisfactory. The outer housing temperature sensor (ambient) was wired to a
two pin strip connector.

The folding mirror, its focusing shim and the folding mirror baffle
were next installed with required temp sensor and wirings into the new inner
housing (Figure 3-5). Next the mirror support ring assembly was installed
onto the rear flange of the inner housing. Indium foil was placed between the
two flanges to ensure proper heat transfer from the front of the
telescope assembly through the mirror support ring. The detector baffle and
detector support cylinder were then added to the assembly.

The cryogen tank and bulkhead assembly was then attached to the rear
flange of the mirror support ring already on the inner housing. Required
bolts were installed, torqued to specifications and then safety wired. Again
indium foil was used between mounting surfaces to improve heat transfer. The
54 sheets of super insulation were added to the rear of the rear bulkhead and
wrapped around the rear support tube. Then the rear cover is installed onto
the rear support tube covering the super insulation. Fiqure 3-6 shows
this complete inner assembly minus any super insulation. The new wiring and
connectors can be seen as well as the wire stake-down method.
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Preparation for the assembly of the inner housing into the outer
housing can be seen in Figures 3-7 and 3-8. Super insulation has not been
installed in these photos as yet except for under the rear cover. Super
insulation was then installed and the units mated together. The assembly
fixture shown was designed for easy assembly and safety reasons.
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Figure 3-8
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3.2 ELECTRONICS

A new electronics assembly was designed to replace the Hi Hi Star/
SPICE I electronics. There were four basic differences between the two:

1) The entire electronics assembly is removable from the telescope. This
facilitates assembly and test of both units. Also this configuration
allows the efforts to occur concurrently rather than sequentially
(Figure 3-9).

2) The circuit boards were plugged in rather than hardwired into the
electronics assembly (Figures 3-10 and 3-11),

3) The Hybrid Thin Film Circuits (HTFCs) were plugged into the circuitboard
rather than soldered into the board.

4) The Detector Signal Processor (0SP) modules incorporated linear gain
(X100) post amplifier HTFC's in place of the linear-log amplifier HTFC's.

The signal channel gain in the SPICE I sensor was measured in the
) at three frequencies: namely 4, 50
and 180 Hz. The mid band gain, i.e., f = 50 Hz, is summarized in the
following table for each spectral band.

linear operational regime (e in < 1 mv

SPICE I Signal Channel Gain

| Standard i
i Spectral Band {7 Mean Gain Deviation (
L 1 |
SHL 165 6.3 |
MWL 170 5.7 !
LWL ’ 143 4.9 {
! )

For these gain values, the zilch noise background at the input of
the PCM encoder should have been on the order of 7.8, 8.0, 6.7 mv in the SWL,
MWL, and LWL bands, respectively.

Prior to the SPICE [ flight, work was started on a linear amplifier
design which would replace the existing linear-log amplifier used in the sensor.

e~
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Figure 3-9
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The initial gain of this amplifier was adjusted such that the overall
system gain was about 40. This gain value was established based on 1) a
requirement that the RMS noise level be equal to the LSB of the PCM unit, and
2) initial theoretical noise estimates.

The predicted noise level at the PCM input was on the order of 6 mv.
When the noise estimates were updated, the noise at the PCM input was
predicted to be on the order of 1.8 to 2 mv -- a value which was not compatible
with the gain levels of the PCM. To rectify this situation, the signal
channel gain was increased to about 100.

The measured gain in each SPICE II channel is presented in the

following table:
SPICE Il Signal Channel Gain

| Standard
Spectral Band Mean Gain Deviation
SWL 102.6 0.52
MWL 102. 4 0.54
LWL 102.8 0.42
!

The zilch background noise level at the PCM input should be on the
order of 4.8 mv in each of the three spectral bands.

Up to this point, the detector irradiance and, hence, background noise
has been assumed to be negligible. With the cover on, this will be the case
in the short and mid wavelength bands. Such is not the case, however, in
the long band. The predicted detector irradiance in this band is on the
order of 3.1 x 109 photons/cmz/sec. This translates into a noise level of
about 8.0 and 5.6 mv at the PCM input for the SPICE I and II sensors,
respectively. The total noise in the long band should be 10.4 and 8.0 mv
for the two sensors.
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The electronics assembly was functionally tested and then sent to AETL
(Ogden Labs) in Fullerton, California for environmental testing (see AETL
Job Ho. 973-3754 Appendix A).

The assembly was subjected to shock, acceleration, and vibration
tests per AA0305-115. There were no physical or functional failures resulting
from these tests.

SPICE II prime power requirements were less than in HHS/SPICE:

SPICE 11 HHS/SFICE
Vent Gas
DC Volts Amps Amps Htr
+24 2.0 2.0 3.4A
=24 0.8 1.0
+16 0.25 1.6
-16 0.2 0.3
+ 8 0.3 0.3

A new PCM encoder made by Aydin-Vector was provided for the SPICE II
project. This encoder was capable of accepting O to 10 volt signals as
compared to the 0 to 5 volt limitation of the previous encoder. This encoder

was delivered to the customer as part of the SPICE II system.

3-18
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3.3 AGE EQUIPMENT

During the SPICE I project it became obvious that some changes were
desireable on the existing HHS/SPICE AGE equipment. Because of changes to
the sensor hardware and functions, several of the AGE panel meters,
control switches and test points became non-applicable to the current
sensor configuration. Also, the present decommutator unit would not fit
in the original AGE console. The obsolete hardware was eliminated and
the remainder was consolidated. This allowed space for the decom and
for the installation of a higher capacity +28 volt power supply. The new
console was made of aluminum so that it would be more mobile when used in
the field.

The Power Supply Package (PSP} housing was also changed. The housing

was made so that the AGE console could be stacked on top of it (Figure 3-12)
during lab tests. The addition of casters made it more manageable when used
around the launch pad. Air blowers inside the housing circulate cooling

air to the SPICE sensor (External Power) power supplies to aid operating
during extremely hot weather. Also, added to this console was the additional
of test points that allow auxilliary power to be applied to the vent gas
heater when less than the normal 24 vdc is reguired.

A roll-around cart that houses the AGE cables during shipping or storage
can also be considered as AGE equipment; The six AGE cables which are each
forty-two feet long are seldom used in their fully extended length so that
it becomes necessary to coil and stow the excessive cable length. Normally
only eight feet of cable is required, so the remaining cable is protected in
its shipping container during integration and lab tests.

During pre-flight procedures in the launch facility, the telescope is
filled with cryogens while positioned nose down in the payload. The
telescope is designed to accept the most cryogens while in this attitude.
While a ninety percent fill can be attained in one particular horizontal
position, only vertically can a one hundred percent fill be realized. During
telescope evacuation, cryogenic fill and testing the telescope might be
moved from place to place. To facilitate this and to make the telescope
more portable, a new "nose" cart was designed and built (Figure 3-12).
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A new vent gas flowmeter and heater were fabricated. This new unit
(Figure 3-13) indicates flow rates plus total flow of helium gas
instantaneously on digital panel meters. The flowmeter is designed around
a Matheson 8160-0415 flow transducer whose accuracy is *+ 1% at 70°F.
Because the measured gas will be extremely cold (during sensor cooidown), a
gas heater becomes necessary. The heater unit itself consists of two 500
watt elements connected in parallel, the heater control is a triac
controlled by a zero-voltage sensing I.C. (CA3059). The I.C. is enabled by
the combined function of a thermister which senses the output gas temperature
and a comparator which remains "on" as long as the transducer senses a flow
of gas greater than four liters per minute.

This assembly measured gas flow up to 100 1/m and has controlled
(at 68%F) input gases whose temperatures have exceeded -240°F. The input
and output gaes temperatures are digitally displayed.

A needle control valve in the panel is used to reguiate the flow rate
during cooldown.

3-21




(77-551/¢01

SPIC!
€ I INTEGRATED FLOW METER

TEMBERL

Figure 3-13
3.22




€77-551/201

During each shipment of Hi Hi Star and SPICE I, some of the shipping
containers had to be repaired or refabricated. This took time and money
and a better shipping system was desired. Numerous container companies were
contacted and one was authorized to build a set of seven customized storage
and shipping containers. These containers proved to be very sturdy and about
one tenth the cost of some that were investigated. They are made of a one
half inch inner plywood box with hand layed fiberglass cloth (Figure 3-14).
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3.4 FOCAL PLANE

The SPICE Focal Plane Array (FPA) (Figure 3-15) was tested following
the SPICE [ flight. Two detectors (S\9 and $S)\14) were inoperative. After
the rework and testing was completed, the FPA was delivered to NOSC for
performance measurements. All the tested channels appeared to respond
comparatively to the previous measurements. The FPA was returned from
NOSC with the longband array inoperative. This problem was found to be in
a flat cable and it was repaired. New cables were purchased when it
became evident that some damage existed due to handling and rework of the
Focal Plane. The new cables were not available in time to support the
impending SPICE II launch schedule.
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Figure 3-15
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3.5 INTEGRATION TESTS AND FLIGHT SUPPORT
The SPICE sensor was delivered to AFGL at Hanscom AFB on March 2, 1982
in preparation for the SPICE II experiment. Because of the desire to have a

higher data rate PCM encoder, the Aydin-Vector encoder was not used. Instead
a unit which was provided by Oklahoma State University was integrated into
the system.

At AFGL, the SPICE sensor was cooled down five times including once in
the horizontal position. Following each cold test, the sensor was warmed
up and then a cover removal and sensor deployment sequencing test was
performed.

The complete SPICE payload was vibrated and shock tested and followed
by a functional test identical to the previbration tests. With all tests
successfully concluded, the experiment was shipped to White Sands Missile
Range (WSMR), New Mexico.

At WSMR the payload was integrated with the Attitude Control System
(ACS). After cold testing the sensor and payload, an optical alignment of
the entire payload was performed. The payload-vehicle separation unit was
installed and then the entire assembly was spin-balanced just prior to
installing it on top of the launch vehicle in the launch tower. Once on
the tower, a dry run of the launch was performed.

The SPICE II Sensor System was launched aboard an ARIES vehicle on
September 14, 1982 from WSMR. The flight went very well and data were
recorded in all three bandwidths. Only midband, channel 9 appeared to be
inoperative. There was a good recovery with no apparent damage to the
payload.
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3.6 POST FLIGHT EVALUATION AND REFURBISHMENT

3.6.1 Telescope Assembly

After SPICE II flight, the sensor assembly, AGE, power supply,
cables, and all related hardware were shipped to Rockwell International at
Anaheim. The task was to check the condition of the telescope. On
September 28, 1982, a post flight cooldown was performed. The telescope had
not been opened since the September 14, 1982 flight. A1l housekeeping signals
indicated that everything was normal - noise and signal (ED'S and BB) from
detector channels appear normal. Channel 9 though was still inoperative.
The detector array was removed and inspected and found to have very fine
dust particles on it.

The dummy detector was installed in place of the operational one
and a cold focus test was performed. It was discovered that the telescope
was about .014 inches out of focus at the focal plane (.100 inch at the
collimator focus). The telescope was dismantled and inspected and the fine
particles found on the detector were also found on the mirror surfaces.
The mirrors were submitted to Rockwell's Optical Department for cleaning
and the particles captured in distilled water. A representative. sample was
submitted to Rockwell's Materials and Processes laboratory for identification.

These particles contained silicates, sulfates, and cellulose. The
silicates and the sulfates apparently were derived from the soil in the area.
The silicates were presumed to be sand and the sulfates were presumably
derived from gypsum. The cellulose may have originated from wiping tissues
or some other similar material.
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After Post flight inspection and test, the telescope assembly
including the mirrors was cleaned and re-assembled. Another cold focus
test was performed. Again, the focus was out by the same amount, (.014
inches). A new folding mirror shim was made and another cold focus
performed. This time the focus was right on target. Assembly and disassembly
was now relatively easy (considering the complexity of the sensor). This
was accomplished again with precise assembly tooling and experienced
personnel since most of the crew had been on the Hi Hi Star and SPICE
projects since the beginning.

At various intervals during assembly, all items requiring vacuum
integrity were leak tested individually and in their respective subassemblies.
The complete sensor assembly was tested for leaks. An optical quality and
cold focus test was then performed on the sensor assembly but without the
operational front cover and detector. The detector was installed into the
sensor and the optical alignment test performed (figure 3-16). After the
electronics assembly was mated to the sensor, several other tests were
performed including the hold time and acceptance test. Copy of these tests
will be found in the Appendix to this document.
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Figure 3-16
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3.6.2 Electronics

Following the flight of SPICE II experiment, it was determined
that the detector post amplifier gain should be reduced due to saturation
of the amplifiers during flight. Also, the gain of the three background
(dc amplifiers) channels was to be increased. A1l 54 detector channel DSP
gains were changed from x100 to x40. The gain of the dc channels was
increased by a factor of 15.

3.6.3 Focal Plane

The successful flight of the SPICE II experiment indicated that
the FPA performance was as expected. Only midband Channel 9 was inoperative
and the responsivity of the mid and shortbands was Tower than had been
calculated. The Channel 9 problem was due to an open circuit condition in
one of the four FPA flat cables (Figure 3-17). The Towered responsivity
may have been Jue to a reduction in bias voltage from 13.5 vdc to 6.76 vdc.
This reduction in voltage was caused by an isolator (sapphire strip)
breakdown.

Post flight requirements regarding the refurbishment of the FPA
were accomplished. New flat cables and MOSFETS were purchased. The new
cables were microscopically inspected to detect, if any, flaws existed in
the circuitry. A1l cables were acceptable.

Two dozen new MOSFETS were tested to determine: noise, gain, output
impedance. FET data on the following table typifies the resuits of all
the units tests.

MOSFET G118 (Siliconix) NOISE READINGS

Freq. (Hz)  #1A 24 #3A #9A #5A  46A
4 .25 v .30 uv .30 v .25 uv 25 uv o .25 Wy
10 .18 uv .20 uv .20 uv .18 uv .18 uyv .18 v
20 J12 v 15 uv 12 v 2 v L2 uv 10wy
100 .08 uv .08 uv .06 oV .08 uv .06 LV .06 uv
1K .05 v .05 uv .04 v .05 uv .05 v .04 uy
Vs(V) 5.51 5.42 5.53 5.42 5.34 5.35
Output 8.5 mv 8.5 mv 8.5 mv 8.5 mV 8.5 mv 8.5 myv
Input 9.5 mv 9.5 mv 9.5 mv 9.5 mv 9.5mv. 9.5 mv
Gain 0.89 0.89 0.89 0.89 0.89 0.89
7 Qut 0.622 my  0.622 my 0.622 mo 0.622 my 0.565 mC 0.565 me
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The detector subarrays were stripped of their MOSFETS, flat cables, and
connectors. New.y tested G118 MOSFETS were bonded in place with Stycast epoxy.
The new flat cables had new connectors soldered onto them. The FET gates were
wired to the detector/load resistor junctions and then the flat cables were
soldered onto the source side of the FETS. The longband and shortband subarrays
were mounted onto the midband per drawing except that instead of using a
sapphire isolator under the longband subarray, strips of alumina were epoxied
ontu the midband case. These strips (5 each) were located directly under the
points of contact with the longband case. The top of each alumina strip was
covered with indium. The longband case was lapped and measured to determine the
alumina strip isolator thickness required. It was determined from these
measurements that the previous sapphire isolator was at least 3 mils too thick,
causing the longband case to protrude above the two other subarrays. This may
have been a factor in the isolation failures of the past.

The detector array was completely assembled and tested. A1l channels
were operating. The unit was then instailed in the teiscope where it was
determined that the longband temperature was 0.8% above that of the midband.
The midband temperature is currently set at 8.5%. The detector outputs are
unchanged following four cooldowns at Anaheim.

3.7 SYSTEM TESTS AT AFGL

After completion of integration and acceptance tests at the Anaheim
facility, the SPICE sensor was shipped to AFGL at Hanscom AFB on July 30, 1984,
At Hanscom AFB the SPICE sensor was again cooled and tested. The test data
was repeatabie as compared to the testing done at Anaheim. Some additional
testing of proposed circuit changes were also accomplished at this time.
Upon completing the testing of the system, the SPICE sensor was bagged and
stored in its shipping container.

While at AFGL, an experimental circuit was implemented to monitor the
detector bias supply to the short and midbands. After five days of
testing, it appeared that the monitor circuitry did not load down detector
bias battery pack. Most important of all, it did not introduce any noise
into the detector outputs. The detector noise was measured at the analog
output of the decom via the Aydin-Vector encoder. The Bias Battery status
was monitored on decom word 64, frame 14 (formerly used as Front Cover
Temp). The circuit was left in the sensor electronics in a breadboard
(non-flight) confiquration per customer request pending further analvsis.
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APPENDIX A
AETL
APPROVED ENGINEERING TEST LABORATORIES / 1536 EAST VALENCIA / FULLERTON, CALIFORNIA 92631/ TEL (714) 8796110
A NATIOMNMAL TECHNICAL SEAVICES COMPANY
7 September 1979
FULLERTON DIVISION REPORT NUMBER 973-3754
Rockwell International, Electronic Systems Group
Purchase Order Number ASEA-762389-E-907
A. TESTS: Shock, Acceleration, Sinuscoidal Vibration,
and Random Vibration
B. TEST ITEM: SPICE-II Electronics and Rear Cover Assembly,
P/N 40150-509-1, S/N 001.
C. SPECIFICATION: Autonetics Hi-Hi Star Sensor System Environ-
mental Test Specification No. AA(0305-115,
Revision A (Redlined), Paragraphs 5.2.4.4,
5.2.4.3, and 5.2.4.2.3 thru 5.2.4.2.4
D. RESULTS: This is to certify that the test item was sub-

jected to the Shock, Acceleration, and Vibration
Tests according to the above specification.

Rockwell International Electronic Systems Group
representatives directed the testing, operated
and monitored the test item during the Vibration
and Acceleration Tests, performed physical in-
spections, and conducted required post tests.

There was no visible evidence of damage result-
ing from the tests.

Test data, equilipment lists, and test setup
photographs are attached.

APPROVED ENGINEERING TEST LABORATORIES

\ -]

R. D. Short, Division Manager G. D. Mattesén’, P.E.,
Department Supervisor

Dynamics

oua¥ixy Assurance Manauver
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d
| : A SHGIN :
i DATE STARTED: SHOCK TEST DATA SHEET TEST EUGINEER
. Berry F. Moore
. 8°17/79
| DATE COMPLETED: CUSTOMER: Q.A.: :
8/17/79 Autonetice H
AETL JOB NO.: TEST ITEM: SpIcE IT Electronics G. S. I.:
! 973-3754 Assembly
PHOTOGRAPH OF CALIBRATION TEST RUN
CALIBRATION

VERTICAL 16.6 g = 1 div.
HORIZONTAL 2 ms = 1 div.

VALUE

LEVEL = 50 g
DURATION = 6 ms

e

SHOCK TEST EQUIPMENT LIST

Endevco Accelerometer, Model 2225, S/N TJOS,
0 to 20,000 g + 1.5% linearity,
Control No. D=4275~F

Endevco Accelerometer, Model 2252, S/N VB3B8,
0 to 5000 g + 1.5% linearity,
Control No. D=-4274-F

Endevco Shock Amplifier, Model 2718A,
0/250/500/2500,5000/25,000/50,000,

+ or - 1.5% fs all ranges,

Control No. D-4186-F

Krohn-Hite Bandpass Filter, Model 330M,
0.2 to 20,000 cps, + 5% of setting,
24/0octave attenuation,

Control No. D-4187-F

Hewlett Packard Storage 0Oscilloscorpe,
Model 1223A with 15 MHz amplifier,
Control No. E-4291-F

AETL 6-Foot Free Fall Drop Tower,
Control No. D=+18l-F

CALIBRATION
Due 6-11-80 |

Due 6-7-80

Due 12-6-79

Due 12-6-79

Due 12-7-79

'
|
i
|
.
t

Prior to Tas-
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’I‘ APPROVED ENGINEERING TEST LABORATOR £S5

Description

EQUIPMENT LIST

Apparatus

Calibration

SINE VIBRATICN

Minerva Stop Watch, Model 0-60,
AETL Control No. G=-4121-F

Bruel & Kjaer Automatic Exciter
Control, Model 1025,
AETL Control No. D-4025-F

Bruel & Kjaer Accelerometers

Model No. Control ln.
4335 D-4393-F
4335 D-4389-F
4335 D-4392-F
4335 D-4388-F
4335 D-4391-F

Unholtz~-Dickie Charge Amplifiers
Model No. Control No.

8PMCV D-4034-F
8PMC D-4042-F
8PMC D-4354-F
8PMCV D-4235-F
8PMCV D-4035-F

Esterline Angus X-Y Recorder,
Model 575,
AETL Control No. E-4335-F

Moseley Log Converter,

Model 60B,

AETL Control No. D-4245-F

MB Vibration Exciter,
Model C210,
AETL Control No. J=401l@-F

MB Vibration amplifier,
Model 51410,
AETL Control No. D-4021-F

CEC Tape Recorder,
Model GR-~2800,
AETL Control No. D=-4130-F

12 months
Due 10-25-79

6 months
Due 9-12-79

6 months
Due 9-3-79

6 months
Due 2-13-80

12 months
Due 7-18-8C

6 months
Due 1-16-223

Not Requ.: .

Not Requ:r.:

6 monthes
Due 3-2.- "¢




’I APPROVED ENGINEERING TEST LABORATORIES

Description

EQUIPMENT LIST

Apparatus

Calibration

RANDOM VIBRATION

Minerva Stop Watch,
Model 0-60,
AETL Control No. G-4121-F

Ling ASDE-80 Equalizer Analyzer,
AETL Control No. D-4120-F

Bruel & Kjaer Accelerometer,
Model 4335,
AETL Control No. D-4:93-F

Unholtz-Dickie Charge Amplifier,
Model 8PMCV,
AETL Control No. D-4034-F

MB RMS Meter, Model N120,
AETL Control No. D-4133-F

Spectral Dynamics Real Time
Analyzer, Model SD330,
AETL Control Mo. D-4125-F

Esterline Angus X-Y Recorder,
Model 575,
AETL Control No. E-4334-F

MB Vibration Exciter,
Model C210,
AETL Control No. D-4019-F

MB Vibration Amplifier,
Model 5140,
AETL Control No, D-4021-F

ro

(W3}
|

Report Nc.

12 months
Due 10-25-79

Prior to Test

& months
Due 9-3-79

6 months
Due 12-13-80

6 months
Due 9-19-79
6 months

Due 9-20-79

12 months
Due 12-15-79

Not Required

Not Required




’l‘ APPROVED ENGINEERING TEST LABORATORIES

EQUIPMENT LIST

Description Apparatus Calibration
ACCELERATION Selco Tachometer, 6 months
Model 727, Due 1-31-80

AETL Control No. D-4386-F

AETL Centrifuge,
15-foot Radius Arm,
Control No., D=4179-F

Mentor Stop Watch,
0 to 15 min., + 1 second,
AETL Control No. D-4124-F

Report

NO.

Prior to Test

12 months
Due 1-31-80

973-37
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1.0 SCOPE

This specification establishes the requirements for the performance, design
and test c¢f a Pulse Code Modulation (PCM) Encoder. The separately packaged and
mounted encoder provides the interface with the signal-conditicned prime data
and housekeeping signals, the vehicle's subcomnutated housekeeping signals, and
the telemetry transmitter in a space vehicle.

2,0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on date of invitation for
bids form a part of this specification to the extent specified herein. In the
event of conflict between the requirements of this specification and the listed
documents, the requirements of this specification shall govern.

SPECIFICATICNS

Military

MIL-E-8189E Electronic Equipment, Missles

1 September 1970 Booster and Allied Vehicles, CGsneral
Specificaticn for

MIL-E-§G83 Electronic Equipment, Aerocpace, Extended

12 February 1970 Space Environment, General Specification
for

STANDARDS

Military

MIL-STD-143A Specifications and Standzrds Ouder

14 May 1963 of Precedence for tha Selection of

MIL-STD-4%548 Standard GCereral Requiremznts fer

10 June 1668 Electronic Equipment, and Subsequent
Change Notices

MIL-STD~4614 Electromagnetic Interfersnce

1 August 1998 Characteristics, R:iquiresments for
Equipmont

FORM MSD 131-H-2 REV 9-73
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REQUTREMENTS

The requirements of the encoder are as follows:
1. Accept the analog and bilevel input signals as specified hercin.

2. Supply as outputs a NRZ-M PCM encoded Signal, buffered test signals,
and synchronization signals as specified herein.

3. Operate within the environments specified.
4. Be of minimum size and weight meeting the specification herein.
3.1 Performance
3.1.1 Input Signals
3.1.1.1 Prime Data

There will be 55 analog, single-ended, high level prime data input signals
to the minor frame, identified as words A1 through ASS'

3.1.1.2 Vehicle Data

There will be 3 analog, differentially received, high level vehicle data
input signals to the minor frame, identified as words A 56 through A158'

3.1.1.3 Housekeeping/Diagnostic Data

The encoder shall have the capacity to accept single-ended analog and
bilevel housekeeping/diagnostic data input signals to the subcommutated frames
as follows. This capacity was selected to occupy two minor frame words as
indicated in the data table and format programming.

54 Analog signal channels
20 Bilevel signal channels

3.1.1.3.1 The analog channels are identified as follows:

6 inputs, B1 through B _, subcommutated
into 2 minor frame worgs

48 inputs identified as C; through qu.

3.1.1 5.1.1 The 18 analog inputs include 9 spare channels. The number of spares
may be adiustable for hardwarc/cost considerations.

FORM MSD 131-H-2 REV 9-73
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3,1.1.3.2 The bilevel channels are identified as follows:
10 inputs occupy sub-frame word G

. 10 inputs occupy sub-frame word Cse

3.1.1.4 Each analog input channel shall accegt a signal from C.000 volts to
+5.000 volts.

3.1.1.4.1 Any input signal under 1/2 the cuantized level shall be O volts
(binary code: 0000000001). Any input signal over +5.000 volts shall be
considered +5.000 volts.

3,1.1.5 Each bilevel input channel shall accept a signal from 0 to +5 volts.

3.1.1.5.1 An input voltage level less than +1.0 volt will initiate a "O"
logi~ level,

3.1.1.5,2 An input voltage greater than +2.0 volts will initiate a "1" logic
level,

3.1.1.6 Overvoltage

Each of the an2log and bilevel input channels shall be cepable of acze
an input overvoltagc outside of the normal signal rance to limits of from
+15 volts to =15 volts.

3.1.1.7 Channel Crosstalk

Channel crosstalk shall be #2.5 millivolts or less for all signals to
the limits of the specified input overvoltage.

3.1.1.8 Source Impedances

The encoder shall operate within cpecification for the input signal
source impedances specified below,

3.1.1.,8.1 The prime data input signals source impedances shall be 1C ohms
maximum,

-1.8.2  The vehicle data differential input signals sourcc impedances shall
he unbalanced from 0 to 6000 ohms.

3.1.1.8.3 i1 remaining bilevel und analog input signals shall have source
1mped1ntes from 0 to 6000 ohms.

[N gy
oting
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3.1.1.9 Input Impedance

The input impedance during either sampling or non-sampling time shall be
as follows:

Analog Channels: 10 Megoinm minimum
Bilevel Channels: 100 Kilohm minimum

3.1.1.10 Back Current

The input circuit back current during either sampling or non-campling tinres
shall be as follows:

Analog channels: 0.l microamperes maximum
Bilevel channels: 1.0 microamperes maxirum

3.1.2 Output Sianals

3.1.2.1 Output Code

3.1.2.1.1 The output code shall be serial, with NRZ-M proaramuing logic, having
the most significent bit first,

3.1.2.1.2 The output legic 1 voltage level shall ke +4.5 10.5 volte.
3.1.2.1.3 The logic O voltage levzl shall be +0.5 40.5 volts.

3.1.2.1.4 The output shall be capable of driving a capacitively couplaed icad
impedance of %) K ohms or greater.

3.1.2,1.5 The encoder shall utilize !C bits per word with no perity.

3.1.2.1.6 The cutput data list shall be:

DATA LIST

SAMPLE INPUT WORDS PER
VORD RATE CHANNELS MINOR T'RAME
A 1500 55 35
Al 1500 5 3
s, Ip 1500 - 1
i3 93.75 O] 2
) 16.875 18 -
) 93.75 10 -
o} 93.75 10
Minor Frame Length: 64 words
Major Frame Length: 2048 words
Total Bit Rate: 960 K hps

FORM MSD 131-H-2 REV 9-73
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3.1.2.1.6.1

3.1.2.1.6.12

The three words

shall have the code 1111101011

designated S| Sp
1100110011 0100000000

Sz are used for frame sync and
respectively.

The word designated Ip is used for sub-frame identification.

A possible format is:

FORMAT PROGRAMMING

SRR
Ajm - AgeAg g B By

Bz By

Bs Bg
€y €y

S

S2 53
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3.1.2.2 QOutput Sync Signals

3.1.2.2.1 A sync signal derived from the minor frame sync divided by 4 shall
be provided at the houskeeping/diagnostic input signals' connector.

3.1.2.2.1.1 This signal shall be short circuit proof.

5.1.2.2.1.2 The logic 1 voltage level shall be between +3.0 and +5.0 volts and
capable of supplying 400 microamperes.

3.1.2.2.1.3 The logic 0 voltage level shall be between 0.0 and +0.4 volts und
capuble of sinking 16 milliamperes.

53.1.2.53 Test Signals
3.1.2.3.1 The following test signals shall be provided at the multi-coaxial
cable test connector:

NRZ-level serial output

Major frame sync

Minor frame sync

Pulse amplitude modulation (PAM)
Word clock

Bit clock

3.1.2.3.2  Lach signal shall be buffered and short circuit proof and capable
of delivering a signal through 1000 feet, or less, of 50 ohm coaxial cable.

3.1.2.4  Guard Shield Drive Signal

A <ignal shall be furnished to the vehicle data innut signals' connector
to drive a single guard shield encasing all differentia’ input signals. The
sianal shall be of such magnitude and phase to effectively reduce the common
node voltages and resulting crosstalk errors.

1.

(%]
i

Lpgut Power

5.1.3.1 Supply Voltage and Current

5.1.3.1.1 The system shall op-orate from a supply voltage of +24 Vdc¢ nominal
with a range from +22 to +28 Vdc.

3.1.3.1.2  The maximum average power dissipation shall be 12 watts when operated
1 2

FORM MSD 131-H-2 REV 9-73
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3.1.3,2 Transients and Voltaae Ripple

The encoder shall meet the transient overvoltage conditions and voltage
ripple requirements specified in MIL-STD-461A fcr class ID equipmant.

3.1.2.3 1Innut Voltage Polarity Reversal

Input voltage polarity reversal protecticon will be supplied. No damage
to the encoder will occur through a reversal of input voltage polarity.

3.1.4 Grounding

The encoder shall have the following grounds (returns) electrically
isolated from each other by a minimum of ten megchm,

3.1.4.1 Signal

3.1.4,2 Chassis

3.1.4.3 Power

3.1.4.4 Differential Inpﬁt Signal

3.1.4.5 Deleted

3.1.5 Accurecy (For Analog Input Channels)

3.1.5,1 Quantization Uncertainty

The guantization errcr shall be +1/2 LS2, Thie iz intcrpreied to rervezer:
a maximum possible error of +2.5 millivolts for a +5 volt high levzl c<ignal,
3.1¢5.2 MNermal Gianal Ba-ce Error

Each channzl shail have 5.0 millivelis or lezs of worst case cumulative
error from all other 2rror sources whan all input cignals are wizhin their
normal range of fruin T 1o +5 voitis.

3.1.5,3 Akncrmal Siznal Tarce Brror

for any cc-lhination of input cignal covervoltagzs to the limit
herein, &ny chanrel chall nct be affected bLaoyond the channel ¢ e
herein,

3.1.5.4 Setting Accuracy

The seiting arror cnzll be a non-random crror of 42.% millivol~: or les:,

FORM MSD 131-H-2 REV 9-73
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(9231

.1.5.5 Common Modc Voltage Error

The differential channels shall have a common mode rejection (CMR) of
74 db or more from O to 2000 Hz. This represents a maximum additional error
of + 0.5 millivolts with the occurrence of a 5 volt comnon mode voltage.

3.1.6 Premodulation Filter

A premodulation filter with the following characteristics shall be
incorporated. These parameters shall be ecasily adjustable.

Active, Low-Pass Filter: Optimized for linear phase
3 db Cutoff lrequency: 0.8 times the nominal bit rate
Final Slope: -36 db/octave or greater

31,7

Sampling Rate Stability

The clock frequency shall be easily changed to provide the cap:bility
of lower saupling rates. The sampling rate stability shall be 0.5 percont of the
nominal ratc.

3.1.8 Intertace

The encoder shall be designed for the use of interconnecting cables and
connectors.

sobaald Receptacles (Rockwell Supplied)

The receptacles specified below shall provide electromagnetic interference
shielding as specified in MIL-STD-461A.

Identification Name Receptacle Manufacturer
1.1l Power JTNO?REB-JAP(D]I)I Bendix
1J2 T™ Output 31-239-10501 Amphenol
1J5 Vehicle Data JINO7RE14-18P(011) Bendix
1.J4 Prime Data JTNO7RE22-2PA(011]) Bendix
1.J5 Housekeecping Data JTNOTRE22-2PB(O11) Bendix
1.16 Test Signals PTO7SE22-77S(011) Bendix

NOTE:  OQutput return routed through LJ1.

5.1.8.1.1 The wire lists below relate the pin connections required to the
signals/words specified herein. lUnused pins are not shown.

FORM MSD 131-H-2 REV 9-73
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3.1.8.1.2 Power Connector 1J1 (4 pins)
Pin Signal
1 Chassis Ground
2 +24 Vde
3 +231 V Return
4 Sig Return, Serial Code
5.1.8.1.3  TM Output Connector 1J2 (Coaxial)
Pin Signal
Center Serial Code
Shield EMI Shield tied to chassis
5.1.8.1.4 Vehicle Data Connector 1J3 (18 pins)
Pin Signal
s
) 157
& Als
F Guard Shield Drive
N 1
N Return AIS(’
P Return A157
R Return A 58
5.1.8.1.5 Prime Data Connector 1J4 (85 pins)
-
Pin Word A Pin Word A Pin Word A Pin l_‘lgriﬁl
1 55 27 2 i
5 1 29 o6 61 53 16 18
6 1 31 5 62 3 15 19 }
- 7 32 8 63 b 47 500
) 10 33 11 64 9 !
Y 13 34 14 65 12 i
10 16 33 17 67 15 }
11 19 37 27 68 21 ;
13 22 38 35 69 21
14 20 12 29 71 18 }
15 28 13 32 73 23 I
! 16 31 14 25 7o 30 :
A 34 59 17 - 53 ‘
oo 3= 84 51 ! 36 ‘
a2 10 9 59 ;
25 15 18 58 R0 12 ;
hF! 16 57 1 32 15 :
25 19 58 14 83 18 :
26 52 o0 50 35 S !
FORM MSD i31-H-2 REV 9-73
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3,1.8.1.6 Housekeeping Data Connector 1J5 (85 nins)

Pin Word Pin Word Pin vord

1 9]

5 SIG RET 30 c12 56 c4l

6 c2 31 C13 57 B1

7 (] 32 Cl14 58 c2

8 Cl 33 Cl15 59 B2

9 o2 34 Cl6 60 c2

10 c2 35 c17 61 B4

11 C31 36 c18 62 92

12 c7 37 C19 63 Bé |
13 SIG RET 38 c20 64 c2 !
14 cl 39 c42 65 c28 \
15 SIG RET 4 c21 © 66 l02] |
16 Cl 41 ca4 67 c2

17 Cl 42 c22 68 2

18 c32 43 Cl 69 B3

19 Ci 44 23 70 - * C45

20 c8 45 C24 71 BS

21 c3 46 25 72 *C4a6

22 c4 47 26 73 £33

23 c5 48 c27 74  MILDOR FR SYMI/ 4

24 *C6 49 c35 75 *C47

25 9 50 c28

26 *C20 51 c37

27 C10 52 c29 83 Cl

28 *c29 53 C43 g4 C1

29 Cli 54 C40 85 Cs4

35 G36
*Spares

3,1.8.1.6.1 1J% Bilevel Jords

1 2 3 4 5 6 7 8 9 10

—+

Word R3

C1 Pin tio. 1 17 19 14 16 7 2 83 g4 45

Cc2 Pin Mo, 58 67 60 62 64 66 10 6 9 €8
P
1,1.8.1.7 Test Signels Connnoctor 137 {7 coaxial®
Coax Sizneal Coax Sienal
A NRZ-L ottput D minor frime syac
B Ps E word clonh
Cc major frame sync ¥ hit clock
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3.2 Design and Construction

3.2.1 Mounting

The encoder shall be designed to mount ﬁpon a flat surface,

3.2.2 Maximum Envelope

The maximum size, including connec*or protrusions, c¢hall ba contained
within the rectangular dimensions: 4.0 inches high x 7.¢ inches x 1l.5 inches,

3.2.3 MWeight

The weight of the encoder shall not exceed 7.0 pounds.
3.2.4 Finishes

Finishee shall be applied to all surfaces where required for protection
against corrosion or other deterioration. The materials, finishes and
protective coetings shall not impair the performance of the encoder. to
subliming shall occur.
3.2.5 Vorkmanship

The encoder shall be constructed with a workmanship censizient with
the requirements of MIL-STD-454B,

3.2.6 Identification

3.2.6.1 HNMName 2lete

A name plate

chall ba provided. Complete identifying data will be
specified at a later date.

3.2.6.2 PRoceptacle Iden*tification

All receptacles thall be durably and legitly marked with the
identification cpecified in paragreph 3.1.8.1,

3.2.7 Electrovagnetic Interforence and Comnatikility

3.2.7.1 Electrcmasretic Irterference

The equipment shall meet the electromagnetic interference fest
regquirements of MIL-STD-4A1A. PRadio freaquency ennctrum characteri-

susceptibility,
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3.2.7.2 Interference Control

Electromagnetic Interference (EMI) control shall be inherent in and
concurrent with the design and development of all electrical and electronic
equipment, components and assemblies. Information and functions! signal
spectrums shall be limited to the minimum compatible with furctional require-
ments. Receivers of information and functional signals shall have a bandwidth
only as wide as required to meet functional requirements. Propacation and
coupling of EMI shall be minimized by component location, cable routing and
judicious use of shielding. Packaging and installation of components,
circuits, etc., shall be such as to minimize interferance pickup and
radiation. The maximum permissible levels of generated interisrsnce and
minimum thresholds of susceptibility of each equipment shall ke in accordance
with MIL-STD-461A.

3.2.8 Environmental Operating Conditions

3.2.8.1 The encoder shall be designed to operate under the environmental
service conditions listed herein.

3.2.8.1.1 Environmental qualification testing shall be performzd ty
Autonetics. The vendor's proposal shall indicate the method &nd desizn
approach to be utiiized tc sssure qualification.

3.2.8.1.2 The encoder shall not exhibit microphonic effects during and
following the environmental conditions listed herein.

3.2,8.2 Temperature

The encoder shall operate within specification between the ‘smporature
) e F
extremes of ~-20°C to +%0°C,
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3.2.8.3 Altitude

The encoder shall operate within_specifications between the pressure
extremes of sea level pressure to 107° torr.

3.2.,8.4 Acceleration

The encoder shall operate within specifications during and follewing an
acceleration of 20g for 2 minutes in each of two (2) directions perpendicular
to its 18.0 inch diameter plane.

3.2.8.5 Vibration

The encoder shall operate within specifications during and following
vibration as follows.

3.2.8.5.1 Sinusoidal Vibration

A fregquency survey (sinusoidal sweep) shall be conducted in each of
three (3) mutually perpendicular axes at a rate of 2 octaves per minute.

Axis Frequency Level
Perpendicular 10 - 50 Hz 2.3 g
¥0 - 160 Hz 4.5 g
160 - 2000 Hz 7.5 g

Lateral 1 & 2 5 - 43 Hz 7.7 in/sec
43 -250 Hz 5.3 g
250 -2000 Hz 7.5 ¢

3.2.8.5.2 Random Vibration

alivgpexpendicular
36 ¢4/Fz.

Random vibration tests will be conducted in each of 3 mutu
axes as follows: 20 seconds per axis from 20 to 200C Hz at 0.0

3.2.8.6 Shcck
The encoder shall operate within specificaticas during and following a

shock test of 1C0 g for 6 milliseconds applied in each direction of its
perpendicular axis.
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3.2.8.7 Axes Definition

PERPENDICULAR
7.0"
\Z MAX LATERAL
- 4.0" 2 P
NAX » LATERAL 1

4,0 QJALITY ASSURANCE PROVISIOWS

4ol Teg* ond Bvaluation

4.1.1 The encoder shall be functionally tested for verification of its
confornance to the specificetion herein,

4.1.2 Acceptance Test Procedure (ATP)

An acceptance test procedure and reports on subsequent data are required,
The documentation shall be submitted to Autonetics for approval 20 days ARD,

4.1.2,1 The ATP shall include among its tests, provisions to virify compliance

vwith the worst case crosstalk error and unbalanced source cermon mode rejection
requirements cpecified herein,

5.0 PREPARATIC!! FCn DELIVERY

5.1 Data Package

Three (3) complete sets ¢f operating instructions, manuzls and mochanical
and electrical drawings shall be delivered with or before the encoder delivery,
The exact contents of the data package shall be Zetermined at a iater date.

m—
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1.0 SCOPE

This specification establishes the requirements for the performance, design,
and test of a Pulse Code Modulation (PCM) Encoder. The separately packaged and
mounted encoder provides the interface with the signal-conditioned prime data
and housekeeping signals, the vehicle's subcommutated housekeeping signals, and
the telemetry transmitter in a space vehicle.

2.0 APPLICABLE DOCUMENTS

The following documents of the issue in effect on date of invitation for
bids form a part of this specification to the extent specified herein. In the
event of conflict between the requirements of this specification and the listed
documents, the requirements of this specification shall govern.

SPECIFICATIONS
l Military
MIL-E-8189E Electronic Equipment, Missiles
1 September 1970 Booster and Allied Vehicles, General
Specification for
MIL-E-8983 Electronic Equipment, Aerospace,
12 February 1970 Extended Space Environment, General
~ Specification for
STANDARDS
Military
MIL-STD-143A Specifications and Standards Order
14 May 1963 of Precedence for the Selection of
‘ MIL-STD-454B Standard General Requirements for
10 June 1968 Electronic Equipment, and Subsequent
Change Notices
l
MIL-STD-461A Electromagnetic Interference )
1 August 1968 Characteristics, Requirements for

Equipment
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3.1.1.2 Veh

3.1 Performance

3.1.1 Input Signals

3.1.1.1 Prime Data

icle Data

3. Operate within the environments specified.

through A

1 55°

3.1.1.3 Housekceping/Diagnostic Data

as follows.

5.1.1.3.1.1

NUMBER REVISION LETTER .
VCd09-0000-21 FRT T T T T T T 1°%¢ 3
3.0 REQUIREMENTS
The requiremcnts of the encoder are as follows:
1. Accept the analog and bilevel input signals as specified hercin.

2. Supply as outputs a NRZ-M PCM encoded Signal, buffered test signals,
and synchronization signals as specified herein.

4. Be of minimum size and weight meeting the specification herein.

There will be 55 analog, single-ended, high level prime data input signals
to the minor frame, identified as words A

There will be 3 analog, differentially received, high level vehicle data
input signals to the minor frame, identified as words A 56 through al

58°

The encoder shall have the capacity to accept single-ended analog and
bilevel housekceping/diagnostic data input signals to the subcommutated frames

This capacity was selected to occupy two minor frame words as

indicated in the data table and format programming.

54 Analog signal channels
20 Bilevel signal channels

6 inputs, B

into 2 minor frame words

48 inputs identified as C3 through C

3.1.1.3.1 The analog channels are identified as follows:

through B _, subcommutated

50°

The 48 analog inputs include 9 spare channels. The number of spares

may be adiustable for hardwarc/cost considcrations.

FORM MSD lJl-H-2
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3.1.1.3.2 The bilevel channels are identified as follows:
10 inputs occupy sub-frame word C1

10 inputs occupy sub-frame word C2

3.1.1.4 Each analog input channel shall accept a signal from 0.000 volts to
+10.000 volts.

3.1.1.4.1 Any input signal under 1/2 the quantized level shall be 0 volts (binary
code: 0000000001). Any input signal over +10.000 volts shall be considered
+10.000 volts.

3.1.1.5 Each bilevel input channel shall accept a signal from 0 to +5 volts.

3.1.1.5.1 An input voltage level less than +1.0 volt will initiate a '"0O" logic
level.

3.1.1.5.2 An input voltage greater than +2.0 volts will initiate a "1" logic

level.

3.1.1.6 Overvoltage

Each of the analog and bilevel input channels shall be capable of accepting
an input overvoltage outside of the normal signal range to limits of from +15 volts
to -15 volts.

3.1.1.7 Channel Crosstalk

Channel crosstalk shall be +2.5 millivolts or less for all signals to the limits
of the specified input overvoltage.

3.1.1.8 Source Impedance

The encoder shall operate within specification for the input signal source
impedances specified below.

3.1.1.8.1 The prime data input signals source impedances shall be 10 ohms maximum.

3.1.1.8.2 The vehicle data differential input signals source impedances shall be
unbalanced from 0 to 1000 ohms.

3.1.1.8.3 All remaining bilevel and analog input signals shall have source impedances
from 0 to 1000 ohms.

A 131-H-8 REV.7-73
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3.1.1.9 Input Impedance

The input impedance during either sampling or non-sampling time shall be as
follows:

Analog Channels: 10 Megohm minimum

Bilevel Channels: 50 Kilohm minimum
3.1.1.10 Back Current

The input circuit back current during either sampling or non-sampling times shall
be as follows:

' Analog Channels: 0.1 microamperes maximum
Bilevel Channels: 1.0 microamperes maximum

3.1.2 OQutput Signals

3.1.2.1 Output Code

3.1.2.1.1 The output code shall be serial, with NRI-M programming logic, having the
most significant bit first.

3.1.2.1.2 The output logic 1 voltage level shall be +4.5 + 0.5 volts.
3.1.2.1.3 The logic 0 voltage level shall be +0.5 + 0.5 volts.

3.1.2.1.4 The output shall be capable of driving a capacitively coupled load impedancc
of 50 K ohms or greater.

3.1.2.1.5 The encoder shall digitize into 11 bits per word with no parity, but the
MSB shall be inhibited, thus transmitting only 10 bits.

3.1.2.1.6 The output data list shall be:

DATA_LIST
SAMPLE INPUT WORDS PER
WORD RATE/SEC CHANNELS MINOR FRAME
A 1500 55 55
Al 1500 3 3
S, Ip 1500 -- 4
B 93.75 6 2
C 46.875 48 -
C> 93.75 10 --
Ci 93.75 10 --
Minor Frame Length: 64 words
Major Frame Length: 2048 words
Total Bit Rate: 960 K bps

A 131-+-8 REV.7-73
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3.1.2.1.6.1
shall have the code 1111101011

The three words designated $

1100110011

‘S5 Sz arc used for frame sync and

0100000000

respectively.

3.1.2.1.6.2

3.1.2.1.6.3

The word designated Ip is used for sub-frame identification.
A possible format is:

FORMAT PROGRAMMING

2 A3 Ay A5 A Ay - Alss Al57 A.lss B B, S 555 T
B3 By . '
Bs B¢ )
G G '
C3 Cq '
Cs Co '
. C7Cg ‘

Cg C1o0
C11612
C13C14
C15C16
C17C18
C19€20
€21C22
C23C24
C25C26
8 B
. B3 By

FORM MSD 131-H-2
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3.1.2.2 Output Sync Signals

3.1.2.2.1 A sync signal derived from the minor frame sync divided by four shall be
provided at the housekeeping/diagnostic input signals' connector.

3.1.2.2.1.1 This signal shall be short-circuit proof.

3.1.2.2.1.2 The logic 1 voltage level shall be between +3.0 and +5.0 volts and
capable of supplying 400 microamperes.

3.1.2.2.1.3 The logic 0 voltage level shall be between 0.0 and +0.4 volts and
capable of sinking 16 milliamperes.

3.1.2.3 Test Signals

3.1.2.3.1 The following test signals shall be provided at the multi-coaxial cable
test connector:

NRZ-L serial output

Major frame sync

Minor frame sync

Pulse amplitude modulation (PAM)

Word clock

Bit clock

3.1.2.3.2 Each signal shall be buffered and short-circuit proofed and capable of
delivering a signal through 1000 ft, or less, of 50-ohm coaxial cable.

3.1.3 Input Power
5.1.3.1 Supply Voltage and Current

3.1.3.1.1 The system shall operate from a supply voltage of +24 vdc nominal with
a range from +22 to +28 vdc.

3.1.5.1.2 The maximum average power dissipation shall be 12 watts when operated
at +24 vdc.

A 1318 REV. 7.73
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3.1.3.2 Transients and Voltage Ripple

The encoder shall meet the transient overvoltage conditions and voltage ripple
requirements specified in MIL-STD-461A for class ID equipment.

3.1.3.3 Input Voltage Polarity Reversal

Input voltage polarity reversal protection will be supplied. No damage to the
encoder will occur through a reversal of input voltage polarity.

3.1.4 Grounding

The encoder shall have the following grounds (returns) electrically isolated from
each other by a minimum of ten megohms.

3.1.4.1 Signal
3.1.4.2 Chassis
3.1.4.3 Power

3.1.4.4 Differential Input Signal

3.1.5 Accuracy (For Analog Input Channels)

3.1.5.1 Quantization Uncertainty

The quantization error shall be +1/2 LSB. This is interpreted to represent a
maximum possible error of +2.5 millivolts for a +10 volt high level signal.

-

3.1.5.2 Normal Signal Range Error

Worst case cumulative error including crosstalk shall not exceed +5 millivolts
+ measured quantization setting error when all inputs are within the normal range
of 0 to +10 volts.

v

3.1.5.3 Abnormal Signal Range Error

Worst case cumulative error including crosstalk shall not exceed +7.5 millivolts
measured quantization setting error for any combination of input signal overvoltages.

|+

[92]

-1.5.4 Quantization Setting Accuracy

The quantization level setting error shall be a nonrandom error of + 2.5 milli-
volts or less.

A 13]1-+-8 REV. 7-73
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3.1.5.5 Common Mode Voltage Error

The differential channels shall have a common mode rejection (CMR) of 68 db or
more from O to 2000 Hz. This represents a maximum additional error of +2.0 millivolts
with the occurrence of a 5-volt common mode voltage.

3.1.6 Premodulation Filter

A premodulation filter with the following characteristics shall be incorporated.
These parameters shall be easily adjustable.

Active, Low-Pass Filter: Optimized for linear phase
3 db Cutoff Frequency: 0.8 + 0.08 times the nominal bit rate
Final Slope: ' -36 db/octave or greater

3.1.7 Sampling Rate Stability

The clock frequency shall be easily changed to provide the capability of lower
sampling rates. The sampling rate stability shall be 0.5 percent of the nominal
rate.
3.1.8 Interface

The encoder shall be designed for the use of interconnecting cables and connectors.
3.1.8.1 Receptacles (Rockwell Supplied)

The receptacleé specified below shall provide electromagnetic interference shield-

ing as specified in MIL-STD-461A..

Identification Name Receptacle Manufacturer
171 Power JTNO7RE8-44p’ Bendix
132 ™ Output 31-239-10501 Amphenol
1J3 Vehicle Data JTNO7RE14-18P Bendix
1J4 Prime Data JTNO7RE22-2PA Bendix
1J5 Housekeeping Data JTNO7REZ22-2PB Bendix
1J6 Test Signals PTO7SE22-77S Bendix

NOTE: Output return routed through 1J1.

3.1.8.1.1 The wire lists below relate the pin connections required to signals/words
specified herein. Unused pins are not shown.

A 131448 REV. 773
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5.1.8.1.2 Power Connector 1J1 (4 pins)
Pin Signal
1 Chassis Ground
2 +24 Vdc
3 +24 V Return
4 Sig Return, Serial Code
3.1.8.1.5 T™M OQutput. Connector 1J2 (Coaxial)
Pin Signal .
Center Serial Code
Shield EMI Shield tied to chassis
3.1.8.1.4 Vehicle Data Connector 1J3 (18 pins)
Pin Signal
B A
C A156 .
1S7
E Alsq
F Guard Shield Drive
y 1
N Return A156
P Return A157
R Return A 58
3.1.8.1.5 Prime Data Connector 1J4 (85 pins)
Pin  Word A Pin Word A Pin Word A Pin Word C |
1 55 27 2
5 1 29 26 61 53 46 48
6 4 31 5 62 3 45 49
7 7 32 8 63 6 47 S0
8 10 33 11 64 9
9 13 34 14 65 12
10 16 35 17 67 15
11 19 37 27 68 21
13 22 38 3S 69 24
14 20 42 29 74 i8
15 28 43 32 75 23
16 31 a4 25 76 30
17 34 59 47 77 33
20 37 84 S1 7 36
22 410 79 39
23 43 48 38 80 2
) 24 46 57 11 82 15
! 25 49 LY. 44 83 48
| 26 52 60 50 35 54

FORM M5D 131-H-2 REV 9.7}
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NR2-L outiput

major framne sync

3.1.8.1.7 Test Signzls Connector 1J6 (7 coaxiall

g

T mo

NUMBE R REVISION LETTER
3.1.8.1.6 Housekecping Data Connector 1J5 (85 pins)
Pin Word Pin Kord Pin- Word
1 C1
5 SIG RET 0 Cil2 56 Cc4l
6 c2 31 C13 57 Bl
7 Ci 32 C14 58 c2
8 Cl 33 C15 59 B2
9 ] 34 C16 60 c2
10 c2 35 Cl17 61 B4
11 c3l 36 Ci8 62 c2
12 c7 37 C19 63 B6
13 SIG RET 38 C20 64 c2
14 Cl 39 ca2 65 c28
15 SIG RET 40 (003} 66 (o2}
16 Cl1 41 C4a4 .67 c2
17 Cl 42 c22 68 04
18 c32 43 Cl 69 B3
19 Cl 44 3 70 - *C45
2 c8 45 Ca4 71 BS
21 o} 46 5 72 *C46
22 4 47 6 73 C33
23 c5 48 c27 74 MINCR FR SYuCZ/ 4
24 *Co 49 C35 . 75 * C47
25 Cc9 0 c38
26 *C0 51 C37
27 Cl0 52 C39 83 Cl
28 *c29 53 ca3 84 Cl1
29 €11 54 C40 85 C34
55 C36
*Spares
301.80106.1 le Bile'IGI .-"’ords
Word Bit 2 3 4 S 6 7 8 9 10
1 Pin No. 17 19 14 16 7 8 83 84 43
c2 Pin No. 67 &0 62 64 66 10 6 9 é8

Sional

minor frame sync
word clo~k
bit ciock

FORM MSD 1Jl-H-2
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3.2 Design and Construction

3.2.1 Mounting

The encoder shall be designed to mount upon a flat surface.

3.2.2 Maximum Envelope

The maximum size, including connector protrusions, shall be contained within the
rectangular dimensions: 4.75 inches high x 7.0 inches x 11.5 inches.

3.2.3 Weight
The weight of the encoder shall not exceed 10 pounds.
3.2.4 Finishes
Finishes shall be applied to all surfaces where required for protection against

corrosion or other deterioration. The materials, finishes and protective coatings
shall not impair the performance of the encoder. No subliming shall occur.

3.2.5 Workmanship

The encoder shall be constructed with a workmanship consistent with the require-
ments of MIL-STD-454B.

3.2.6 1Identification

3.2.6.1 Name Plate

~

A name plate shall be provided. Complete identifying data will be specified
at a later date.

3.2.6.2 Receptacle Identification

All receptacles shall be durably and legibly marked with the identification
specified in paragraph 3.1.8.1.

3.2.7 Electromagnetic Interference and Compatibility

3.2.7.1 Electromagnetic Interference

The equipment shall meet the electromagnetic interference test requirements
of MIL-STD-461A. Radio frequency spectrum characteristics shall meet the require-
ments stated in MIL-STD-449 and Supplement 1 for susceptibility.

A 131-m-8 REV., 7-73
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3.2.7.2 Interference Control

Electromagnetic Interference (EMI) control shall be inherent in and concurrent
with the design and development of all electrical and electronic equipment, components,
and assemblies. Information and functional signal spectrums shall be limited to the
minimum compatible with functional requirements. Receivers of information and func-
tional signals shall have a bandwidth only as wide as required to meet functional
requirements. Propagation and coupling of EMI shall be minimized by component location,
cable routing and judicious use of shielding. Packaging and installation of com-
ponents, circuits, etc, shall be such as to minimize interference pickup and radiation.
The maximum permissible levels of generated interference and minimum thresholds of
susceptibility of each equipment shall be in accordance with MIL-STD-461A.

3.2.8 Environmental Operating Conditions

3.2.8.1 The encoder shall be designed to operate under the environmental service
conditions listed herein.

3.2.8.1.1 Environmental qualification testing shall be performed by Autonetics.
The vendor's proposal shall indicate the method and design approach to be utilized
to assure qualification.

3.2.8.1.2 The encoder shall not exhibit microphonic effects during and following
the environmental conditions listed herein.

3.2.8.2 Temperature

The encoder shall operate within specification between the temperature extremes
of -209C to +50°C.

3.2.8.3 Altitude

The encoder shall operate within specifications between the pressure extremes
of sea level pressure to 10-8 torr.

3.2.8.4 Acceleration
The encoder shall operate within specifications during and following an

acceleration of 20 g for two minutes in each of two (2) directions perpendicular
to its 18.0 inch diameter plane.

3.2.8.5 Vibration

The encoder shall operate within specifications during and following vibration
as follows.

A 131-M-8 REV, 7-723
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3.2.8.5.1 Sinusoidal Vibration

A frequency survey (sinusoidal sweep) shall be conducted in each of three (3)
mutually perpendicular axes at a rate of two octaves per minute.

Axis Frequency Level
Perpendicular 10 - 50 Hz 2.3 g
50 - 160 Hz 4.5 g
160 - 2000 Hz 7.5 g
Lateral 1 § 2 S - 43 Hz 7.7 in/sec
43 - 250 Hz 5.3g .
250 - 2000 Hz 7.5 g

3.2.8.5.2 Random Vibration

Random vibration tests will be conducted in each of threezmutually perpendicular
axes as follows: 20 sec per axis from 20 to 2000 Hz at 0.056 g°/Hz.

3.2.8.6 Shock
The encoder shall operate within specifications during and following a shock

test of 100 g for 6 milliseconds applied in each direction of its perpendicular
axis.

3.2.8.7 Axes Definition ~

PERPENDICULAR
7.0"
Max
\Z Y LATERAL 2

4.0"

Max (fi)

T ¢ \‘\@ LATERAL 1

r— 11.5"

Max

A 131-+4-8 REV.7-73
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4.0 QUALITY ASSURANCE PROVISIONS

4.1 Test and Evaluation

4.1.1 The encoder shall be functionally tested for verification of its conformance
to the specification herein.

4.1.2 Acceptance Test Procedure (ATP)

An acceptance test procedure and reports on subsequent data are required. The
documentation shall be submitted to Autonetics for approval 30 days ARO,

4.1.2.1 The ATP shall include among its tests provisions to verify compliance with

the worst case crosstalk error and unbalanced source common mode rejection require-
ments specified herein.

5.0 PREPARATION FOR DELIVERY

Three (3) complete sets of operating instructions, manuals, and mechanical
and electrical drawings shall be delivered with or before the encoder delivery.
The exact contents of the data package shall be determined at a later date.

A 131-4-8 REV. 7-73
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1. SCOPE
1. This specification describes the eguipment and procedures to perform
SPICE SENSOR evacuation.
1. The SPICE SENSOR, in order to remain at the required lowered operating
temperatures, must be evacuated to the lowest possible internal pressures.
2. APPLICABLE DOCUMENTS, MATERIAL AND EQUIPMENT
2. Documents Required by this Specification
The following documents, to the extent indicated, form a part of this
specification. In the event of any conflict between the requirements of
this specification and the listed documents, the requirements of this
specification shall govern.
2. Specifications
Instructions Manual for Vacuum Pumping Station
Rockwell International (RI)
ST0117GA0001 Handling of Flammable and Dangerous Liquids and
Chemicals
Appendix A Hanlding of Inert Cryogenic Liquids
2. Drawings
Autonetics Division of RI
45800-701 SPICE II Telescope Assembly
2. Documents Calling Qut This Specification
In the event of any conflict between the requirements of this specifi-
cation and documents calling out this specification, the requirements of
the documents calling out this specification shall take precedence.
2. Specifications

nN

Autonetics Division of RI

AA0209-104 SPICE SENSOR ASSEMBLY Cryogen Filling Instructions

Material and Equipment

Acceptable, precise results are contingent upon the use of equipment and
material equivalent to that listed below. If the effectiveness and
accuracy are not decreased, items equivalent to those listed below

may be substituted, except for those marked with an asterisk.
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2.3{Contd) ITEM NO NO.REQUIRED DESCRIPTION

3.1.3.1

3.1.3.2

3.1.3.3

1 1 Vacuum Pumping Station

2 1 Telescope Cradle -EOL 1798-2451
3 1 Vacuum Valve Operator

4 1 Stainless Flexable Vacuum Line

REQUIREMENTS

General Requirements

Environmental Conditions

Operations required by this process shall be performed at an ambient
temperature of 25 (+15 -05)C, a barometric pressure of 30 + 2 inches of
mercury, and relative humidity up to 50 percent room ambient.

Safety Precautions

Handle flammable and dangerous liquids and chemicals in accordance with
Specification STO117GA0QQL.

Before applying pressure to a part under test or evacuating the vacuum
system, personnel in the immediate area shall protect themselves against
bodily harm by use of appropriate safety gear and/or apparel, or as other-
wise directed by the Safety Department.

No connections or fittings shall be tightened, loosened, or opend while
the test part is under pressura or the vacuum system evacuated unless
specified to do so herein or by the applicable drawing or process
specification.

Equipment Considerations

The equipment shall be operated with the high vacuum station at least
one foot from a wall to prevent restriction of the air cooling of the

pump.

A1l fixed manifolding shall be as large in diameter and short in length
as possible. A1l flexible tubing shall be capable of withstanding
evacuation without collapse of the tubing. Line size and length shall be
compatible with pump size to insure rapid evacuation time and cleanup
rates. Consult the vacuum system operations and maintenance manual for
details on pump speed and line size.

Whenever possible, the use of rubber in the vacuum system shall be kept
at a minimum. Gland designs and gaskets shall be designed to expose a
minimum amount of rubber to the vacuum system.

NOTE: Rubber will absorb helium gas causing contamination of the
vacuum system.
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3.4 The use of lubricants on seals in the vacuum system shall be held to a

minimum by applying only a light film of a lower-vapor pressure type
grease and removing excessive deposits by pulling the seal through the
fingers several times.

NOTE: As in paragraph 3.1.3.5, grease will also absorb helium
causing contamination of the vacuum system.

Ensure that vacuum station (1) is set up and has been operating for the
length of time required by the manufacturer's operating manual.

Detailed Requirements

Evacuation of Telescope in Vacuum Chamber

Install telescope on cradle, EOL 1798-2451.

Ro11 telescope on cradle into vacuum chamber from holding fixture,
EOL 1798-2450.

Connect required cryogen fill equipment and necessary test requirement
if required. .

Close both ends of vacuum chamber.

Start vacuum system roughing pump. In a few seconds roughing pump will
Tower pressure in vacuum chamber. .

Continue with evacuating procedures per manufacturer's operating
procedures.

Leave telescope on vacuum system for a minimum of 24 hours after telescope
has reached an evacuation of 2 x 10-6 Torr as indicated on vacuum system.

Removing Telescope from Vacuum Chamber

Close telescope front cover.

Perform air release per manufacturer's operating procedures.

Open required end cr ends of vacuum chamber.

Disconnect telescope from cryogen fill eguipment or test equipment.
Roll telescope from vacuum chamber onto holding fixture, EOL 1798-2450,

Replace covers on vacuum chamber.
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Alternate evauation method.

Install telescope on cradle (EQL 1798-2451) and cradle on holding
fixture (EQL 1798-2449), or install telescope on nose cart (EOL 1798-2461)

Install valve operator (3) and associated plumbing (4) on telescope.
Position telescope adjacent to vacuum pump and connect the two together,

Start vacuum system roughing pump. In a few seconds roughing pump
will lower pressure in vacuum chamber.

Open valve operator.

Continue with evacuating procedures per vacuum station manufacturer's
operating procedures.

Leave telescope on vacuum system for a minigum of 24 hours after tele-

scope has reached an evacuation of 2 x 10 7 Torr as indicated on
vacuum system.

Removing Telescope from Vacuum System

Close valve operator.

Perform air release per manufacturer's operating procedures.
Disconnect stainless flexable vacuum line from valve operator

Remove valve operator from telescope.
Place valve cap on telescope valve, ensuring that "0" ring is properly

installed.

Returning the Telescape to Normal Pressure

Ensure complete telescope has reached ambient temperatures.

Before opening vent valve, ensure that only clean, dry nitrogen may
enter telescope.

Open vent valves slowly to ensure against telescope component damage.
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.0 SCOPE
This document describes the procedures for filling the SPICE Sensor
Assembly with the required cryogens (liquified gas).
.0 APPLICABLE DOCUMENTS, MATERIAL AND EQUIPMENT
.1 Documents required by This Specification
The following documents, to the extent indicated, form a part of this
specification. In the event of any conflict between the requirements of
this specification and the listed documents, the requirements of this
specification shall govern.
.11 Specifications
Rockwell Corporation
ST0117GAC001 Handling of Flammable and
Dangerous Liquids and Chemicals
Appendix A Handling of Inert Cryogenic Liquids
.1.2 Drawings
Autonetics Division of Rockwell
45800-701 SPICE II Telescope Assembly
.2 Documents Calling Out This Specification
In the evert of any conflict between the requirements of this specification
and documents calling out this specification, the requirements of the
documents calling out this specification shall take precedence.
2.1 Specifications
Autonetics Division of Rockwell
AAQ209-103 SPICE II Telescope Evacuation
.3 Material and Equipment

Acceptable, precise results are contingent upon the use of equipment and
material equivalent to that listed below. If the effectiveness and
accuracy are not decreased, items equivalent to those listed below may be
substituted, except for those marked with an asterisk.
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ITEM NO. NO. REQ'D DESCRIPTION
1 1 Fill Line 40520-509-5 (6 ft)
2 1 Exhaust Line 40520-509-7
3 1 Liquid Helium filled; GFE 100 or 500 Liter Dewar
4 2 Filter Extension 40522-509-3(12 inch) for 100L)
40522-509-5 (29 inch for 500L)
5 2 Dip Tube 40521-509-3
6 A/R Vent Line, CRL
7 A/R Gaseous Helium -Grade 4.5 pure helium with two
stage regulator 3 and 4000 PSIG
1 Flowmeter, Brooks 1350-01 BIAAS
A/R Gaseous Helium %-inch Tygon Pressurization Line
{0,825-14NG-LH)
10 1 Gas Cylinder Cart
11 1 Breakout Box 40554-509-1
12 1 Breakout Box 40555-509-1
13 A/R Data Sheet, Cooldown & AGE Cooldown
14 2 Digital Voltmeter-(-5 volts in 0.001 steps)
Fairchild Model 7050
15 1 Exhaust Gas Flow Meter Assy 10340-509
16 1 SPICE AGE Console 40523-509-1
17 1 SPICE AGE Power Supply 40543-509-1
18 14 SPICE AGE Cables
19 1 PCM Encoder

REQUIREMENTS

General Re

quirements

Environmen

tal Conditions

Operations required by this process shall be performed at an ambient termperaturd
of 25 (+15 -5)C, a barometric pressure of 30 + 2 inches of mercury, and a
relative humidity up to 50 percent room ambient.

The telescope during this procedure shall be protected at all times to ensure
non-contamination either by protective bagging or by performance of the pro-
cedure in an area (clean room) capable of this type protection.
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.1.3

Filling procedures shall be performed in an area capable of removing
cryogenic boil-off so as not to contaminate telescope with escaping gases.

Safety Precautions

Handle flammable and dangerous liquids and chemicals in accordance with
Specification ST01170001.

Detailed Requirements

Telescope Fill Operational Position (Vertical)

Note: If the telescope is to be filled in the horizontal position
R (interim testing), it shall be positioned so that the vent
line is at 12 0'clock when viewed from the rear of the telescope.

Ensure that telescope is evacuated in accordance with S%gcification

AAQ209-103. A reading in the very low 10-6 area or 10~/ area is

desireable.

Note: If telescope is not evacuated to a low enough pressure, frost or
water vapor may form both outside and inside of the telescope and
may damage components.

Connect, exhaust lines between telescope assembly and exhaust gas flow
meter.

Connect breakout boxes to telescope

Insert dip tube into cryogen dewar.

Connect fill line to dip tube and to telescope fill port.

Using digital voltmeter, breakout boxes & data sheet, record warm readings.
Open dip tube cryogen valve

Pressurize cryogen supply to 3 to 4 PSIG, and adjust flow meter reading
to 45 to 50 liters per minute.

Every hour record set of readings on data sheet. These will include temp.
sensor resistance readings, flow rate in liters per minute, total flow and
vent gas temperature.

Continue to monitor flow rate keeping it between 45 and 50 L/min

Note: These procedures will take about 16 to 20 hours to complete

When lines 5 thru 10 of data sheet cooldown indicate about 30 K7 (about

50 to 60 thousand liters of gasious helium) connec* AGE console. PCM, and
telescope together using AGE cables and turn on AGE power.
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.12

.13

.14

.15

.16
.17
.1.18

.19
.20
.21

.22

Remove exhaust line from exhaust gas flow meter, elevate end to allow
helium plume to disipate.

Continue filling sensor with cryogens until 10% indicator 1ight under
"Cryogen Liquid Level" on AGE Test Set comes ON. Record time and voltage
on AGE data sheet.

Continue filling sensor with cryogens until 60% indicator light under
"Cryogen Liquid Level" on AGE Test Set comes ON. Record time and voltage.

Continue filling sensor until 100% indicator 1ight under cryogen liquid
level on AGE Test Set comes ON. Record time and voltage.

Continue filling sensor until helium plume splits into two parts.
Reduce pressurization on cryogen supply to 1 psi.

Disconnect exhaust line from sensor and connect exhaust heater assembly
immediately (within 2 seconds or ice plug may occur).

Turn off dip tube cryogen valve.

Connect Tine from exhaust heater to exhaust gas flow meter.

Disconnect fill line from sensor and connect fill port plug assembly.

CAUTION: Do not allow telescope to lose vacuum until it has reached
ambient temperature. Loss of vacuum too soon may result in
damage to components.

Secure cryogen supply dewar.

Refilling telescope - The telescope may be topped off (refilled) anytime
before warm up by performing the following steps.

Remove exhaust heater assembly

Repeat step 3.2.1.2 leaving meter end elevated and not connected to meter.

Repeat step 3.2.1.4 if required.
Connect fill line to dip tube
Open dip tube cryogen valve

When helium plume appears at end of fill 1ine._remove fill port plug
assembly and insert fill line into telescope fill port.

Repeat steps 3.2.1.13 to 3.2.1.22.
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1.1

1.2

2.1

2.1.1

2.1.2

2.2

2.2.1

SCOPE

This specification describes the procedures for detecting leaks and
measuring the size of those leaks.

The leak rate tests will be performed with the telescope filled with
cryogens to ensure that cryogenic fill will not affect the materials
and equipment so as to disturb the tightness of the seals.

APPLICABLE DOCUMENTS, MATERIAL AND EQUIPMENT

Documents Required by this Specification

The following documents, to the extent indicated, form a part of this
specification. In the event of any conflict between the requirements
of this specification and the listed documents, the requirements of
this specification shall govern.

Specifications

Rockwel]l International {RI)

ST01117GA0001 Hand1ing of Flammable and Dangerous
Liquids and Chemicals

Appendix A Handling of Inert Cryogenic Liquids

Autonetics, Division of RI

AA0209-103 SPICE SENSOR Evacuation
AA0209-104 SPICE SENSOR Cryogenic Filling
Drawings

Autonetics, Division of RI

45300-701 SPICE II Telescope Assembly
Documents Calling Out This Specification
In the event of any conflict between the requirements of this specifi-
cation and documents calling out this specification, the requirements
of the documents calling out this specification shall take precedence.

Drawings

Autonetics, Division of RI]

45800-701 SPICE II Telescope Assembly
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2.3

Material and Equipment

Acceptable, precise results are contingent upon the use of equipment
and material equivalent to that listed below. If the effectiveness
and accuracy are not decreased, items equivalent to those listed below

may be substituted, except for thonse marked with an asterisk . .
ITEM NO. NO. REQUIRED DESCRIPTION
1 A/R Gaseous Helium - Grade 4.5 pure helijum
with two stage regulators 3 and 4000
PSIG
2 2 Flowmeter, Brooks 1350-01-BlAAS
3 A/R Gaseous Helium %-inch Tygon Pressuri-
zation Line (0.825 14NG-LH)
4 A/R Gas Cylinder Cart
5 1 Vacuum Pumping Station
6 1 Vacuum Valve Operator
7 A/R Vacuum Line - 2" Stainless Steel
8 1 Leak Detector with Calibrated Leak,

Type SC4 Vacuum Electronics Corp.
REQUIREMENTS

General Requirements

Environmental Conditons

Operations reguired by this process shall be performed at an ambient
temperature of 25 (+15, -5)C, a barometric pressure of 30 + 2 inches
of mercury, and a relative humidity up to 50 percent room ambient.

The telescope during this procedure shall be protected at all times to
ensure non-contamination either by protective bagging or by performance

of the procedure in an area (clean room) capable of this type protection.

Safety Precuations

Handle flammable and dangerous liquids and chemicals in accordance with
Specification STO117GA0001.

Before applying pressure to a part under test or evaulating the vacuum
system, personnel in the immediate area shall protect themselves against
bodily harm by use of appropriate safety gear and/or apparel, or as
otherwise directed by the Safety Department.
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No connections or fittings shall be tightened, loosened, or opened
while the test part is under pressure or the vacuum system evaculated
unless specified to do so herein or by the applicable drawing

or process specifications.

Equipment Considerations

The equipment shall be operated with the helium leak detector at least
one foot from a wall to prevent restruction of the air cooling of the
diffusion pump.

A1l fixed manifolding shall be as large in diameter and short in length
as possibte. A1l flexible tubing shall be capable of withstanding eva-
cuation without collapse of the tubing. Line size and length shall be
compatible with pump size to ensure rapid evacuation time and cleanup
rates. Consult the vacuum system operation and maintenance manual for
details on pump speed and line size.

Operating and calibration procedures for the vacuum system shall conform
to the applicable system operation and maintenance manual.

During operation of the leak detector vacuum system the cold trap shall be
maintained at least half full of liquid nitrogen.

Whenever possible, the use of rubber in the vacuum system shall be kept
at a minimum. Gland design and gaskets shall be designed to expose
a minimum amount of rubber to the vacuum system.

HOTE:  Rubber will absorb helijum gas causing subsequent contamination
of the vacuum system.

The use of lubricants on seals in the vacuum system shall be held to

a minimum by applying only a light film of a lower-vapor pressure type
grease and removing excessive deposits by pulling the seal through the
fingers several times.

NOTE: As in paragraph 3.1.3.5 grease will also absorb helium causing
contamination of the vacuum system.

Due to various types of contamination of a "background" reading may
appear on the leak detector with the MSLD capped off from the test port
station. This reading shall be considered excessive when it exceeds

10 percent of the lowest scale on the MSLD and action shall be taken to
decontaminate the MSLD.

Calibration of Equipment

The calibrated leak(s) shall be used to determine the multiplication
factor of the MSLD prior to test.

Calibrated Leak Rate (atm cc/sec)
MSLD Reading

Multiplication Factor =
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4.2

Any leakage below one division on the lowest scale of the MSLD shall be
considered as no leak.

Detailed Requirements

Evacuate Telescope per AA0209-103

Allow MSLD meter to stabilize per manufacturer's instructions.

Record MSLD background reading

Enclose telescope within a plastic bag and fill bag by purging with
helium gas while the bag is held in an inverted position for a minimum
of one minute to assure a high concentration of helium gas around the
telescope.

Read MSLD gross reading.

Compute gross leak rate as follows:

Multiplication Factor (Para. 3.1.4.1) times MSLD Gross Reading = Gross
Leak Rate.

The computer gross leak rate shall not exceed 2 x 10'11 ATM/SEC
or show "no leak" per Paragraph 3.1.4.2.

If gross adjusted leak rate does not exceed the maximum allowable rate,
record value, close valve operator, and remove telescope from test
setup.
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1.0 SCOPE
1.1 This specification describes the equipment and procedures to perform a
cryogen hold time test on the SPICE SENSOR under simulated operating
conditions.
2.0 APPLICABLE DOCUMENTS, MATERIAL AND EQUIPMENT
2.1 Documents Required by this Specification
The following documents, to the extent indicated, form a part of this
specification. In the event of any conflict between the requirements of
this specification and the listed documents, the requirements of this
specification shall govern.
2.1.1 Specifications
Rockwell International (RI)
STO1117GA0001 Handling of Flammable and Dangerous Liquids
and Chemicals
Appendix A Handling of Inert Cryogenic Liquids
Autonetics, Division of RI
AA0209-103 SPICE SENSOR Evacuation
AAQ209-104 SPICE SENSOR Cryogenic Filling
AA0209-105 SPICE SENSOR Leak Rate Test
2.1.2 Drawings
Autonetics, Division of RI
45800-701 SPICE II Telescope Assembly
2.2 Documents cailing out This Specification
In the event of any conflict between the requirements of this
specification and documents calling out this specification, the
requirements of the documents calling out this specification shall
take precedence.
2.2.1 Drawings

Autonetics, Division of RI

45800-701 SPICE II Telescope Assembly
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2.3

Material and Equipment

Acceptable, precise results are contingent upon the use of equipment
and material equivalent to that listed below. If the effectiveness
and accuracy are not decreased, item equivalent to those listed below
may be substituted, except for those marked with an asterisk.

ITEM NO.
1

10

11
12
13

14

15
16
17
18
19

20
21
22
23

NO. REQUIRED
1

1
1

A/R
A/R

A/R

DESCRIPTION
Fill Line 40520-509-5 (6 ft)

Exhaust Line 40520-509-7

Liquid Helium filled; GFE 100 or 500
Liter Dewar

Filter Extension 40522-509-3 (12 inch)
for 100L)} 40522-509-5 (29 inch for 500L)

Dip Tube 40521-509-3

Vent Line, CRL

Gaseous Helijum - Grade 4.5 pure helium
with two stage regulator 3 and 4000 PSIG
Flowmeter, Brooks 1350-01 BIAAS

Gaseous Helium %-inch Tygon Pressuri-
zation Line (0,825-14NG-LH)

Gas Cylinder Cart

Breakout Box 40554-509-1

Breakout Box 40555-509-1

Data Sheet, Cooldown & AGE Cooldown
Digital Voltmeter - (-5 volts in 0.001
steps} Fairchild Model 7050.

Exhaust Gas Flow Meter Assy 10340-509
Vacuum Pumping Station

Yacuum Valve QOperator

Vacuum Line - 2" Stainless Steel

Leak Detector with Calibrated Leak,
Type SC4 Vacuum Electronics Corp.

SPICE AGE Console 40523-509-1
SPICE AGE Power Supply 40543-509-1
SPICE AGE Cables

PCM Encoder
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REQUIREMENTS

General Requirements

Environmental Conditions

Operations required by this process shall be performed at an ambient
temperature of 25 (+15, -5)C, a barometric pressure of 30 + 2 inches
of mercury, and a relative humidity up to 50 percent room ambient.
The telescope during this procedure shall be protected at all times
to ensure non-contamination either by protective bagging or by per-
formance of the procedure in an area (clean room) capable of this
type protection.

Safety Precautions

Safety Precautions

Handle flammable and dangerous liquids and chemicals in accordance with
Specification STO117GA0001.

Detailed Requirements

Equipment Preparation

Evacuate telescope according to Specification AA0209-103.
Leak test telescope according to Specifitation AAQ209-105.

Cool down telescope in vertical position according to Specification
AA0209-104.

Prepare vent assembly for coupling to vent line at the end of the fill
operation. Assembly consists of gas heater, absolute press relijef
valve and flowmeter in series. Gas vents outside the work area. Set
flowmeter to zero.

At the completion of cool down and top off, remove transfer and vent

lines and attach pressure relief valve to fill connector and vent
assembly to vent connector, according to AA0209-104.

Hold Time Test

As soon as the fill and vent assemblies are attached to the telescope
according to 3.2.1.5, the hold time test has started. Start the clock.

Irmediately turn pewar Heater Sw to linear to pressurize the
telescope.

Record set of readings from AGE console using AGE cooldown data sheet.
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Completion of pressurization will be indicated by the start of flow
(as read by the flowmeter,.

Repeat step 3.2.2.3 every % hour.

Turn on detector preamps and detector temperature controller.

Perform detector preamp test per Integration test procedure.

After 4 hours the hold time test is completed.

Equipment Removal

Remove vent assembly

During this period the
tank heater voltage shall not have dropped below 0.1 volts.

Warm up cryogen system with room temperature helium flowing at aorate
of 50 1/min until warm-up sensors indicate telescope is above 60°F. Do
not open vacuum valve.

As soon as warmup has started, disconnect all electronics except
warm-up sensors.

When telescope has warmed up, seal fill and vent connectors with their
proper fittings.

Disconnect warm-up temperature sensors.
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2.1.2

2.3

SCOPE

This specification describes the procedures and equipment required to
boresight the SPICE Telescope Assembly.

The SPICE Telescope has two alignment mirrors, one attached to the outer
rim, and one centered in the central obsuration portion of the telescope.
The line of sight to these mirrors is defined as a line normal to the
mirrored surface. A mirrored alignment ring is also provided which locates
the telescope mounting plane.

The procedures herein provide the methods for establishing the directional
relationship between the optical line of sight of the telescope (i.e.,
pitch, roll and yaw axis) and these mirrors.

APPLICABLE DOCUMENTS, MATERIAL AND EQUIPMENT

Documents required by this specification - the following documents, to the
extent indicated, form a part of this specification. In the event of any
conflict between the requirements of this specification and the listed
documents, the requirements of this specification shall govern.

Specifications

Rockwell International Corporation (RI)

ST0117GA000! Handling of Flammable and Dangerous
Liquids and Chemicals
Appendix A Handling of Inert Cryogenic Liquids
AA0209-0103 SPICE Sensor Evacuation
AAQ209-0104 SPICE Sensar Cryogenic Filling
Drawings

Autonetics, Division of RI

45800-701-1 SPICE II Telescope Assembly
Material and Equipment

Acceptable, precise results are contingent upon the use of equipment and
material equivalent to that Tisted below. If the effectiveness and accuracy|
are not decreased, items equivalent to those 1isted below may be substituted
except for those marked with an asterisk.
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Item No. No. Required Description

1 1 Collimator Large Aperture

16" or greater

2 ] Telescope Cradle
EOL 1798-2450

3 1 Telescope Holding Fixture
EOL 1798-2451

4 2 Granite Surface Plate

5 ] Theodolite Wild T3Am

6 1 Alignment Ring EOL 1798-2481

7 1 Yaw Axis Index Locator
EQL 1798-2482

8 1 Front Test Cover

EQL 1798-2447
REQUIREMENTS
General Requirements
Environmental Conditions
Operations required by this process shall be performed at an ambient
temperature of 25 (+15-5)C, a barometric pressure of 30 + 2 inches of
mercury, and a relative humidity up to 50 percent room ambient.
Performance of this procedure shall be accomplished in a clean dust free
area or steps shall be taken to ensure that no contamination shall affect
the telescope assembly per R&D STD 209A, CLASS 1000.
Safety Precautions

Handle flammable and dangerous liquids and chemicals in accordance with
Specification STOT17GA00T.

Detailed Requirements

Equipment Preparation

Assemble complete telescope except for operational cover.
Install Front Test Cover.

Evacuate Telescope per AA0209-0103.

Pitch and yaw axis determination.

Place telescope in front of large aperture collimator.
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Install and level theodolite on the vertical centerline of the telescope
in the clear aperture below the horizontal centerline.

Focus collimator at infinity using an optically flat mirror which is full
aperture of collimator.

Center the return image from the alignment block in the collimator field-
of-view.

I1luminate interior of telescope with flashlight or similar light source.
Observe the fiduciary target through theodolite (placed in the direct
position) and align theodolite reticle on the center of the target {View A
Figure 1).

Fill sensor with cryogens per AA0209-0104.

Repeat Step 3.2.2.6 and then read vertical and horizontal scales and record
on Lines 1 and 15 of Worksheet 1.

Align theodolite on the projected collimator image.

Read vertical and horizontal scales and record on Lines 5 and 17.
Plunge and reverse theodolite.

Align theodolite on the projected collimator image.

Read vertical and horizontal scales and record on Lines 6 and 22.
Align theodolite on the center of the fiduciary target.

Read vertical and horizontal scales and record on Lines 2 and 20.
Complete computations using Worksheet 1 instructions.

Repeat Steps 3.2.2.8 through 3.2.2.16 until results of two sets of readings
(Horizontal and Vertical) are within one minute.

Calculate horizontal and vertical means using values from two determinations

Line 13 is telescope pitch axis boresight value. If value is negative,
telescope optical line of sight to center of detector array is pointed
down {amount recorded) in relation to a line normal to the face of the
alignment mirror.

If value is positive, the telescope line of sight is pointed up in relation
to the alignment mirror.

Line 31 is telescope yaw axis boresight value.

If value is more than 180° 00 00.0", the telescone optical line of sight is
rotated clockwise (as viewed from above) by that amount, in relation to the
alignment mirror,

If value is less than 180° 00' 00.0" the telescope ootical line of sight is
rotated counter clockwise in relation to the alignment mirror.

4
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.10
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.12
.13
.14
.3.15

.16
7

.18

.19

.20

Repeat Section 3.2.2 for central alignment mirror then proceed to
Section 3.2.3.

Alignment ring alignment.
Telescope warmup may be initiated if desired.

Position the alignment on the rear flange of the telescope being careful
not to disturb position of other images in collimator.

Place theodolite in the direct position so as to obtain both the alignment
cube and alignment ring return images when adjusting the theodolite
telescope.

Level theodolite.

Align theodolite on return image from the alignment ring.

Read vertical and horizontal scales and record on Lines 1 and 15 of
Worksheet 1.

Align theodolite on return image from the alignment cube.

Read vertical and horizontal scales and record on Lines 5 and 17.
Plunge and reverse theodolite.

Align theodolite on return image from the alignment cube.

Read vertical and horizontal scales and record on Lines 6 and 22.
Align theodolite on return image from the alignment ring.

Read vertical and horizontal scales and record on Lines 2 and 20.
Complete computations using Worksheet 1 instrqctions.

Repeat Steps 3.2.2.25 through 3.2.2.35 until results of two sets of readings
(Horizontal and Vertical) are within one minute.

Calculate horizontal and vertical means using values from two decerminations|

Line 13 is alignment cube pitch axis LOS in relation to ring LOS. If value
is negative, cube optical line of sight to center ring LOS is pointed down.

If value is positive, the cube Tine of sight is pointed up in relation to
the ring LOS.

Line 31 is alignment cube, yaw axis line of sight in relationship to ring
line of sight.

If value is plus the cube optical line of sight, it is rotated clockwise
{as viewed from above) by that amount in relation to the alignment ring LOS.
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.21

.10

N
.12
.13
.14
.15
.16
.4.17
.18

.19

If value is minus the cube optical line of sight, it is rotated counter
clockwise in relation to the alignment ring line of sight.

Roll axis determination.

Install and Tevel theodolite on the vertical centerline of the telescope
in the clear aperture above the horizontal centerline (Figure 1).

I[1luminate interior of telescope with flashlight or similar light source.
Observe detector array through theodolite (placed in the direct position)
and align theodolite reticle on left edge of filter holder. (NOTE: The
theodolite reverses the image seen so the left edge will appear on the right
when viewed through the theodolite. The theodolite also inverts the image
so lower end will apear to be on the top.)

Align theodolite reticle on lower left edge of filter mask.

Elevate theodolite telescope and observe run out of reticle from filter mask
edge at upper end.

Roll telescope in cradle one half of runout.

Repeat Steps 3.2.4.4 through 3.2.4.6 until theodolite reticle follows edge
of mask.

Position yaw axis index indicator on rear flange of telescope over yaw axis
index mark, if telescope is so marked. If no mark is available, perform
Steps 3.2.4.4 through 3.2.4.6 also for index tool. Rotate tool to obtain
no runout.

Align theodolite on upper end of left edge of filter mask.

Read vertical and horizontal scales and record on Lines 1 and 10 of
Worksheet 2.

Align theodolite on Tower end of left edge of filter mask.

Read vertical and horizontal scales and record on Lines 5 and 13.
Plunge and reverse theodolite.

Align theodolite on lower end of left edge of filter mask.

Read vertical and horizontal and scales and record on Lines 4 and 14.
Align theodolite on upper end of left edge of filter mask.

Read vertical and horizontal scales and record on Lines 2 and 11.

Repeat Steps 3.2.4.8 through 3.2.4.17 using scribe line on index tool and
new Worksheet 2.

Complete computations using instructions for Worksheet 2 for both sets
taken.
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.4.22

.4.23

Repeat Steps 3.2.4.9 through 3.2.4.19 until results of two sets of
readings for both mask and tool (Line 22, Worksheet 2) are within five
minutes of arc.

Compliete computations using Worksheet 2 instructions.

If value is plus the detector is rotated clockwise as viewed from the
front of the telescope in relation to the index mark.

If value is minus the detector is rotated counter clockwise.

For every minute of arc difference between index tool scribe line and
detector edge revolve index tool around telescope .0057 inches.

Repeat procedure until Line 27 is less than 10 minutes of arc. Apply
index mark to telescope per 45990-701.

QUALITY ASSURANCE

Workmanship

Care shall be taken at all times to handle components so as not to
contaminate or injure same.

Acceptance

If mark is to be applied during this procedure, index tool must be located
zess than 10 minutes of arc from vertical readings of detector mask edge
3.2.3.23).

Data maybe visually expressed using drawing on Page 14.
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5.0 WORKSHEET #1 SET #
VERTICAL

oW N e

10

12
13

14
15
16
17
18

19
20
21
22
23
24
25
26
27
28
29
30
31

FIDUCIARY DIRECT

FIDUCIARY REVERSE
FIDUCIARY DIRECT
RESULT (1-2 OR 2-3)

COLLIMATOR DIRECT
COLLIMATOR REVERSE
COLLIMATOR DIRECT

RESULT (5-6 OR 6-7)

ENTER LINE 4

RESULT (8+9) ALGEBRAICALLY

ENTER LINE 10 FROM SET #1
TOTAL (10+11) ALGEBRAICALLY

RESULT (12 = 2) (MEAN)

HORIZONTAL
CONSTANT (360°)

FIDUCIARY DIRECT (RING)
TOTAL (14+15)'IF REQUIRED)
COLLIMATOR DIRECT (CUBE)
RESULT (16-17)

CONSTANT (360°)

FIDUCIARY REVERSE (RING)
TOTAL (19+20) (IF REQUIRED)
COLLIMATOR REVERSE (CUBE)
RESULT (21-22)

ENTER LINE 18

TOTAL (23+24)

RESULT (25 =2)

lrne  [£]
IHI RING l::J

[Ej CUBE [:]

CUBE

FIDUCIARY OFFSET VALUE (-360° FOR CUBE & RING)

RESULT (26-27)

ENTER LINE 28 FROM SET #1
TOTAL (28+29)

RESULT (30 fZ) (MEAN)

o

)

O

(W)
O

Oy

O

o Wt
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INSTRUCTIONS FOR WORKSHEET #1

10.
11.
12.
13.

VERTICAL

. If value entered on line 1 is less than that of line 2 enter line 1 value on

line 3.

. Subtract line 2 from line 1 or line 3 from line 2, enter results on line 4.
. Enter sign from line 1 or 3 in block in line 4 as applicable.

. Repeat steps 1,2, and 3 for lines 5 through 8.

. Enter results of line 4 with its sign on line 9.

. Algebraically add lines 8 and 9 and enter result on line 10 with the

appropriate sign.

HORIZONTAL

. Note value on line 17, if value is greater than value on line 15 add 360° to

1ine 15 and enter results on line 16.

. Subtract line 17 from 16 or 15, enter results on line 18.

. Repeat steps 8 and 9 for lines 19 through 23.

Enter line 18 value on line 24.
Add line 23 and line 24, enter results on line 25.
Divide line 25 value by 2 and enter results on line 26.

Subtract line 26 from line 27, (42' 37.0" for fiduciary, 360° for cube & ring),
enter results on line 28.

Line 13 and 31 mean determinations.

VERTICAL

. Enter line 10 from first set of readings on line 11 of second worksheet 1.

Add 1ine 10 and line 11 algebraically and enter results on line 12.

. Divide line 12 by 2, enter results on line 13.

HORIZONTAL

. Enter line 28 from first set of readings on line 29 of second worksheet 1.

. Add line 28 and 29, enter results on line 30.

. Divide 1ine 30 by 2, enter results on line 31.




¥

TN VAN

VoA Db G s

Rockwell International Corporation
FSCM NO 94756

NUNBER REVISION LETTER

@

O 0 N OO

&)

& (=X

AA0209-107 Bf L l ] l 71 I pact 11
5.0 WORKSHEET #2 SET # DATE
MASK EDGE TOOL
VERTICAL

w N

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

UPPER EDGE DIRECT

UPPER EDGE REVERSE

RESULT (1-2)

LOWER EDGE REVERSE

LOWER EDGE DIRECT

RESULT (4-5)  OR (5-4) FOR TOOL

ENTER LINE 3

TOTAL (6+7) OR (7-6) FOR TOOL

CONVERT LINE 8 TO SECONDS

HORIZONTAL

UPPER END DIRECT

UPPER END REVERSE

TOTAL (10+11)

LOWER END DIRECT

LOWER END REVERSE

TOTAL (13+14)

ENTER LINE 12

ENTER LINE 15 IF SMALLER THAN LINE 16

RESULT (15-16) [CCW -, OR (16-17) _CW +l |

[S-A L.

RESULT (LINE 18 = 2)

CONVERT LINE 19 TO SECONDS

RESULT (LINE 9 = 20)

ENTER ANGLE WHOS COT IS LINE 21

ENTER LINE 22 FROM SET #1

TOTAL (22+23) ALGEBRAICALLY

RESULT (LINE 24 = 2)

ENTER LINE 25 FROM TOOL SET #2

RESULT (25-26) ALGEBRAICALLY
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INSTRUCTIONS FOR WORKSHEET #2

10.

11.

12.
13.
14,
15.

16.
17.

18

VERTICAL

. Subtract line 2 from line 1, enter results on line 3.

. Subtract line 5 from line 4, {or line 4 from line 5 for tool), enter results on

line 6.

. Enter results of line 3 on line 7.

. Add lines 6 and 7 (or subtract 1ine 6 from line 7 for tool}, erter total on line

8.

. Convert line 8 value to seconds of arc, enter seconds value on line 9.

HORIZONTAL

. Add lines 10 and 11, enter total on line 12.
. Add lines 13 and 14, enter total on line 15.
. Enter line 12 value on line 16.

. If l1ine 16 is greater than line 15, enter the value of line 15 on line 17.

Subtract line 16 from line 15 or line 17 from line 16, as applicable, and enter
result on line 18.

Enter sign as indicated, oine 15 - 16 will be minus (-}, and 16 - 17 will be plus
(+), in box to right.

Divide line 18 by 2, enter result on line 19.
Convert line 19 to seconds of arc, enter seconds value on line 20.
Divide line 9 by line 20, enter result on line 21.

Determine the angle whose cotangent is the value entered on line 21. Enter this
angle on line 22 with the sign determined in step 1l.

Repeat steps 1 through 15 for second set then proceed to step 17.

When two sets have been computed whose line 22 values agree within 5 minutes,
enter the line 22 value from the first set on line 23 of the second set with
its sign.

Algebraically add lines 22 and 23. Enter results on line 24 with the anoropriate
sign.




81

Vo

JoHt

Foookehd Lot o s b

Rockwell International Corporation
FSCM NO 94756

NuUr st R

AA 0209-107

RE JISION (£ TTE R

B

I

[ [ [ |

|

13

19. Divide line 24 by 2.
20. Repeat steps 1 through 19 for the Index Tool worksheets.

21. Enter line 25 from Indes Tool second set on line 26 of mask edge second set
with its sign.

22. Algebraically subtract line 26 from line 25, enter result on line 27 with

appropriate sing.

Enter result on line 25 with its sign.
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SCOPE

The purpose of this specification is to designate the materials and
procedures to be used in the lubrication of O-rings for static sealing of
assemblies in the telescope.

The materials and procedures outlined herein apply to O-rings as used in
static sealing of assemblies when less than 30% compression is applied in
0-ring installation.

The application of the procedure herein will facilitate installation of the
o-rings to assure proper seating and sealing of mating surfaces.

APPLICABLE MATERIALS

Item 1 Freon PCA
Item 2 FS-1265 (300 Centistokes) - Dow Corning
GENERAL REQUIREMENTS

Cleaning

A1l surfaces in the sealing area shall be freed from grease cutting
compounds, and other foreign materials by thoroughly cleaning with
Freon Solvent, Type PCA.

Installation

The O-rings shall be cleaned, dried and coated with Dow-Corning FS-1265.
Wash 0-rings in clean Freon Type PCA.

Allow O-rings to room dry for six hours (laminar flow bench).

Inmerse 0-ring in Dow Corning FS-1265 heated to 150%F + 100 (65°C + 5°)
and soak for 16 hours.

NOTE: Steps 3.2.1.1 through 3.2.1.3 may be accomplished prior to actual
use and the 0-rings bagged until installation is required.

Semi-dry 0O-ring with light wipe with foam wipe. Do not removal all oil.

Case must be taken to avoid contaminants on the 0-ring and its mating
surfaces prior to installation.

The 0-ring shall be firmly pressed into place to insure proper seating. If
an instrument is used for this purpose, its surfaces which contact the
0-ring shall not permit bruising or cutting.

0-rings shall be replaced each time that removal of 0-ring is required.
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4.0 DETAIL REQUIREMENTS
4.1 For sealing a joint between two surfaces, the assembly sequence shall be:
4.1.1 Clean mating surfaces per 3.1
4.1.2 Coat O-ring per 3.2.1
4.1.3 Install 0-ring in groove per 3.2.2.
4.1.4 Fasten mating surfaces per drawing.
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1.0
1.

1.2

2.0
2.1

2.1.1

2.1.2

SCOPE

The optical components of the SPICE telescope are made to function at
optimum distances between each element, if all mirrors, mounting components
and spacing parts contract identically when subject to temperature changes

a slightly larger or smaller (but correctly proportioned) system will result]

This specification describes the equipment and procedures for determining
the dimension for final machining of the mirror mounting surfaces. This
procedure will also determine the movement of the front edge of the inner
housing relative to the other housing.

APPLICABLE DOCUMENTS, MATERIAL AND EQUIPMENT

Documents required by this Specification - The following documents, to the
extent indicated, form a part of this specification. In the event of any
conflict between the requirements of this specification and the listed
documents, the requirements of this specification shall govern.

Specifications

Rockwell International Corporation (RI)

ST0Q117GA0001 Handling of Flammable and Dangerous Liquids
and Chemicals

Appendix A Handling of Inert Cryogenic Liquids

AA0209-103 SPICE Sensor Evacuation

AAQ209-104 SPICE Sensor Cryogenic Filling

Drawings

Autonetics, Division of RI

45800- 701 Hi Hi Star Telescope Assembly

45814-701 Mirror Support Ring

45822-701 Cylinder, Support Detector - Telescope
45805-701 Housing, Inner-Telescope

45816-701 Cone, Support - Telescope

45823-701 Isolator, Thermal Detractor - Telescope
45807-701 Shim, Folding Mirror

—
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2.2

2.2.1

2.3

Documents Calling Out This Specification - In the event of any conflict
between the requirements of this specification and documents calling out
this specification, the requirements of the documents calling out this
specification shall take precedence.

Drawings

Autonetics, Division of RI

45800-701 SPICE Star Telescope Assembly
Material and Equipment

Acceptable, precise results are contingent upon the use of equipment and
material equivalent to that listed below. If the effectiveness and accuracy
are not decreased, items equivalent to those listed below may be substituted
except for those marked with an asterisk.

Item No. No. Required Description
1 1 Depth Micrometer
2 1 Granite Surface Plate
3 1 Installation Fixture, Telescope
EQOL 1798-2449
4 1 18-inch Optical Window
5 1 Base T3/Microscope

EOL 1798-2454

6 1 Vacuum Turbo Pump System

7 1 Mass Spectrometer GE LC20

8 1 Heat Gun 1000 Watts

9 1 Front Test Cover
EOL 1798-2447

10 1 Oummy Detector

11 As Required Liquid Nitrogen Supply

12 5 Lapping Rings

. EOL 1798-2425

13 1 Set Parallel Bars

14 1 Fi1l Line 40520-509-7

15 1 Exhaust Line 40520-509-7

16 1 Liquid Helium filled: GFE 100 or
500 Liter Dewar

17 2 Filter Extension 40522-509-3 (12
inch) for 100L 40522-509-2 (29 inch
for 500L)

18 2 Dip Tube 40521-509-3

19 A/R Vent Line, CRL

20 A/R Gaseous Helium - Grade 4.5 pure

helium with two stage regulator 3
and 4000 PSIG
21 1 Flowmeter, Brooks 1350-01 BIAAS

22 A/R Gaseous Helium 1/2 inch Tygon
Pressurization Line (0.825-14NG-LH)

23 1 Gas Cylinder Cart

24 ] Breakout Box 40555-509-1
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3.2.1.

3.2,

Item No. No. Required Description
25 A/R Data Sheet, Cooldown
26 2 Digital Voltmeter-(-5 volts in
0.001 steps) Fairchild Model 7050
27 1 Exhaust Gas Flow Meter Assy

10340-509
REQUIREMENTS
General Requirements
Environmental Conditions
Operations required by this process shall be performed at an ambient
temperature of 25 (+15 -5)°C, a barometric pressure of 30 + inches of

mercury, and a relative humidity up to 50 percent room ambient.

Operations 3.1.1.2 through 3.2.1.23 shall be performed after equipment has
been rough cleaned but before final cleaning.

Operations of 3.2.1 need not be performed in clean area, but needless
contamination should be avoided. Operations of 3.2.2 and subsequent
paragraphs will be perfaormed in clean room or with telescope bagged for
clean protection.

Safety Precautions

Handle flammable and dangerous liquids and chemicals in accordance with
Specification STO117GA0001.

Detailed Requirements
Measurement and machining of components

Obtain mirror support ring, inner housing, support cone, thermal isolator
and detector support cylinder.

Lap first folding mirror mounting surface of inner housing flat to within
2 fringes at 6328A0 housing.

Lap surface "A" of inner housing parallel to first folding mirror mounting
surface to within 20 seconds of ARC.

Determine distance between surface "A" and first folding mirror mounting
surface. Enter on Worksheet 1, Line 1.

Lap surface "B" of support cone flat to within 2 fringes at 6328A°.

Lap surface "A" of support cone parallel to surface "B" to within 20
seconds of ARC.

Determine distance between surfaces A and B of support cone, enter on
Worksheet 1, Line 4.

Lap surface "A" of mirror support ring.
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3.2.1.9

3.2.1.10

3.2.1.1N1

3.2.1.12

3.2.1.13

3.2.1.14

3.2.1.15

3.2.1.16

3.2.1.17

3.2.1.18

Lap surface F of mirror support ring parallel to surface A to within
20 seconds of ARC.

Determine distance between surfaces A and F of support ring. Enter on
Worksheet 1, Line 9.

Lap detector mounting surface of thermal isolator parallel to surface B to
within 20 seconds of ARC.

Measure distance between two surfaces in Step 3.2.1.11 and enter on
Worksheet 1, Line 11.

Obtain dimensions provided by mirror manufacturer and enter on appropriate
Lines 2, 5, 7 and 13 of Worksheet 1.

Complete Lines 3, 6, 12 and 15 of Worksheet 1.

NOTE: The dimensions indicated on Lines 3, 6, 7 and 15 of Worksheet 1
are exact, therefore, .001 should be left on all surfaces to allow
for lapping procedures if required in Step 3.2.1.16.

Using results on Worksheet 1, machine Autonetics Parts 45814-701 and

45822-701 if required to dimensions of 3.2.1.14 in the following order:
On Part Number 45814-701,

Remove material from surface "C" to obtain dimension indicated on Line 3.
Remove material from surface "D" to obtain dimension indicated on Line 6.
Remove material from surface "E" to obtain dimension indicated on Line 7.
On Part Number 45822-702,

Remove material from surface "A" to obtain dimension "A" to "C" indicated
on Line 15.

NOTE: If more than .090 must be removed from any surface, stop operations
and notify Engineering.

NOTE: During Step 3.2.1.16, dimensions determined in Step 3.2.1.14 will
be maintained.

Using lapping rings, optical rings and optical flats, Tap surface C, D and E
of mirror mounting ring and surface "A" of detector support cylinder until

a surface flatness of better than 2 fringes at 6328A° s obtained, and all
surfaces are parallel to a common plane within 20 seconds of ARC.

Assemble thermal isolator and detector support sylinder; ensure that
detector mounting surface of thermal isolator and surface "A" of detector
support cylinder are paraliel within 20 seconds of ARC.

Attach support cone to mirror support ring check for parallelism between
surface "A" of support cone and surface "F" of support ring.
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Position inner housing vertically under a vertical collimator and obtain
return image from flat positioned on mirror mounting surface.

Carefully install assembly of Step 3.2.1.18 on to surface "A" of inner
housing.

Check parallelism between flat in inner housing and surface "F" of support
ring.

Install assembly of Step 3.2.1.17 onto support ring.

Check parallelism between flat on inner housing and detector mounting
surface on thermal isolator.

Disassemble and clean components.
Warm Focus Check

Assemble optical components and optical mounting components machined in
Section 3.2.1.

Install and adjust dummy detector to proper position (.1310 behind mounting
surface).

Install assembly in front of large aperture collimator.

Coaxialate telescope and collimator.

Set collimator at infinity mark.

Adjust dummy detector until return image in collimator is in focus.

Record amount of adjustment (revolutions and/or portions 1/8 turn 1/4 etc.)
Multiply revolutions determined in Step 3.2.2.7 by 0.025, result in axial
movement of dummy detector (Focal Plane). The result must be less than

.015 inches.

Adjust dummy detector clockwise one (1) revolution from position of
3.2.2.6.

Adjust collimator to focus return spot.
Measure and record movement of collimator focus adjustment barrel.

Repeat Step 3.2.2.9 through 3.2.2.11 until four revolutions clockwise from
position of 3.2.2.6 have been completed then return to position of 3.2.2.6
and perform same procedure counter clockwise.

Divide results of Step 3.2.2.11 by 25 for movement of collimator focus
adjustment barrel during each revolution of dummy detector. The results is
the movement of the collimator adjustment barrel for .001 inch of telescope
focal plane movement.
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Plot results of 3.2.2.13 as in example of Figure 1.
Complete Focus Test

Assemble telescope using dummy detector, front test cover and rear test
cover. Position dummy detector at .1310 behind detector mounting surface.

Repeat steps 3.2.2.3 through 3.2.2.5 then proceed to step 3.2.3.3.

Return dummy detector to starting position of step 3.2.3.1.

Close and evacuate telescope per AA0209-103.

Fill telescope per AAG209-104.

Monitor focal plane shift and inner housing shift during cooldown. Record
time, temperature and focal plane shift (using collimator barrel move-

ment and plot of Figure 1).

After 20 hours of cryogenic filling, monitor focal plane shift until no
further movement of collimator barrel is detected.

If return image from dummy detector is in focus when collimator focusing

barrel is within . .050 inch of infinity setting proceed to step 3.2.4 .

If collimator focusing barrel is over .050 inch from the infinity setting
continue with step 3.2.3.9.

Warm up telescope.

Dismantle telescope, remove dummy detector and thermal isolator from
detector support cylinder, or remove folding mirror if required.

Machine surface "A" of detector support cylinder or add shim 45807-701
behind folding mirror to position focal plane at correct dimension of
0.1310 inch behind detector mounting surface. Folding mirror shim thick-
ness is 1 to 7 of required detector movement.

NOTE: Surface "A" of the detector support cylinder will only be machined
once, from then on {or until a new detector support cylinder is
made), only the folding mirror shim will be machined or made
thicker.

Re-assemble and evacuate telescope using dummy detector and front test
window.

Repeat steps 3.2.3.4 through 3.2.3.9.

Optical Quality Test

Note shape and size of spot through collimator eye piece.
Using retical determine size (in minutes of arc) of spot.

Rotate telescope and telescope cradel clockwise horizontally about front
cover axis until outer scribe on dummy detector is in field of view.




HEV L dl

FORM GIb ) L g b2

Rockwell International Corporation
FSCM NO 94756

NUMEE R REVISION ¢ ETTE X

AA0309-026 Iﬁf I’ Tﬁ 17 I L, I"if”*'t 8
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.2.4.8

Adjust collimator barrel until best focus is obtained and record collimator
barrel position.

Repeat Steps 3.2.4.1 and 3.3.4.2. Spot will change from round disc to an
ellipse.

Rotate telescope and telescope cradle counterclockwise about front cover
axis until outer scribe on dummy detector is in field of view.

Repeat Steps 3.2.4.1 and 3.2.4.2.

Return telescope to center spot on dummy detector.

QUALITY ASSURANCE PROVISIONS

Workmanship

Care shall be taken at all times to handle components so as not to
contaminate or injure same.

Acceptance

Coid focus position of collimator shall be within .050 inch of infinity
setting (3.2.3.12) with dummy detector set at .1310 behind detector.

Actual spot size of return image in collimator eye piece, (3/2/4/2) shall
be determined in the following manner:

Measured spot size, minus projected collimator spot size, and the
result divided by two.

The resulting spot size frum step 4.2.2 shall be less than three mintues.

Definitions
The following are definitions used on Worksheet 1:

FFM - First Folding Mirror
PM - Primary Mirror

FRM - First Relay Mirror
SRM - Second Relay Mirror
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3.0

INTRODUCTION

This document contains the baseline and environmental test procedures
that will be required for the Survey Probe Infrared Celestial Experi-
ment (SPICE) Sensor System. The baseline test will verify system
operation and establish a performance reference with a data bank of
equipment operating parameters. The environmental test will insure
proper system operation when the equipment has been exposed to
simulated mission environment.

Prior to conducting the tests contained in the document, the system
will have completed the engineering test phase.

TESTS DEFINED IN THIS TEST PLAN

a. Baseline
b. Vibration

EQUIPMENT CONFIGURATION

The system consists of two major assemblies.
1. Sensor P/N 45800-701
2. Pulse Code Modulator (PCM) P/N 2226050

APPLICABLE DOCUMENTS .

a. Sensor Assembly 15800-701
b. PCM 2226050

Evacuation Procedure AA0209-105

Ce

d. System Interconnect Diagram 40356-509

e. Contract Statement of Work

f. Environment Test Methods MIL-STD-8I0B C/N 1, 2 & 3
2. AGE

11} Sensor Control Parnel 10555-509

2) vehicle Control Panel 10552-509

+31  PCM Control Panel 10345-509

4} AGE Power Supply 10313-509

FORM MSD lJil-fd-2 REV ¢-73




Rockwell International Corporation
Missile Systems Division
. Ohio 43216 Ananewn. Cait 92803

CODE IDENT NO 51219

NUMBER REVISION LETTER

C77-1108/201 I 1T ] [T 1 | PAGE 2

4.0
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APPLICABLE DOCUMENTS - (Continued)

(5) AGE Power Panel 40538-509
(6) Sensor Control Console 40523-509
(7) Detector Output Panel 40530-509
(8) Housekeeping Panel 40540-509
TEST EQUIPMENT .
The following commercial test equipment or equivalent will be required

to conduct these tests. Special equipment such as Shaker Head, etc.,
are not listed here.

NAME MANUFACTURER/MODEL
Oscilloscope Tektronix - RMS64
Plug-in Tektronix - 3B3
Plug-in Tektronix - 3A3
Camera Tektronix - C27
Magnetic Tape Recorder Honeywell - 7600

BASELINE TESTS

General baseline tests are operational system level tests conducted
under ambient labotatory conditions to establish a performance
reference and data bank of system operating parameters. The baseline
tests are designed to verify all operational characteristics of the
sensor system including interfaces with external equipments. These
tests will be performed prior to subjecting the system to the environ-
mental test. Portions of the tests will be performed prior to and
following the environmental test. After environmental testing is
complete, the full baseline will be repeated and the results compared
with the pre-environmental baseline test.

The data will be recorded on data sheets provided as part of this
document and retained as part of the data bank. The rest Jdata will be
dated and signed by the Test Engineer.
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6.0 BASELINE TESTS - (Continued)
The baseline tests described herein may be changed or modified by the
responsible Autonetics Test Engineer as necessary to fulfill the test
objectives. The Test Engineer will redline a master copy of this
procedure to record any such changes. The changes will be dated and
initialized by the Test Engineer. The master copy will be retained
as part of the data bank.
6.1 Preliminary Setup
6.1. The sensor shall be evacuated per Evacuation Procedure AA0209-103.
6.1.2 The AGE control functions shall be placed in the following initial
conditions.
6.1.2.1 AGE Power Panel
o
+28V OFF
+15V OFF
AC
115V OFF
6.1.2.2 AGE Control Panel
Power Supply Package Key OFF (Full CW)
Detector Heater DISABLE
Mirror Heater OFF -
Heater Exhaust OFF
Heater Dewar DISABLE (Rotary SW)
Cryogen Level OFF (Rotary SW)
6.1.2.3 Vehicle Control Panel
Svstem Power OFF
Power Supply Package OFF
RMVL INHB ON
FORM MSD l3l-H=2 REV 9-73
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6.1.2.4 Decommutator (DSI Model 7103)

Input Code NRZ-L
Bit Rate No. 6
Bit Sync NORMAL
Data NORMAL
Clock NORMAL
Bit/Wd 10
Wd/Fr 064
Frame Sync Pattern: 76571464000
Frame Sync Length: 30
Parity ouT
FR/SFR 032
SFID - Location
Word 004
MSB 0S
SFID - Start 0
Display DECIMAL
WORD OR FRAME AS REQ'D
FRAME NO. 000
WORD NO. 063
Power OFF
6.1.2.5 PCM Control Papel
PCM AGE Power OFF
AGE Clock QFF
6.1.2.6 Detector Output Panel
S Output OFF (Rotary SW)
M Output OFF (Rotary SW)
L Output OFF (Rotary SW)
FORM MSD i3l-H-2 REV 973
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6.1.2.7 AGE Housekeeping Panel
Test Signals OFF (Rotary SW)
Temperatures OFF (Rotary SW)
Power Status OFF (Rotary SW)
6.1.2.8 Digital Multimeter
Power OFF
6.1.2.9 AGE Power Supply
Key OFF (Full Cw)
6.1.3 Connect cabling as shown in Figure 1.
6.2 System Operation
6.2.1 Use the following switch sequence to turn system power ON
6.2.1.1 AGE Power Panel
AGE Power (115 V) ON
DC Power
. (1) +28v ON
(2) +l5VV ON
6.2.1.2 AGE Control Panel
Power Supply Package
Key ON (Full CCW)
6.2.1.3 Vehicle Control Panel
Power Supply Package ON
Svstem Power ON
6.2.1.4 PCM Control Panel
PCM AGE Power ON
6.2.2 Operation Verification
6.2.2.1 Turn the multimeter on, then read and record the rfollowing voltages
FORM MSD l3l-H-2 REV 9-"3
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6.2.2.1.1 Vehicle Control Panel
+8 Vdc
-16 Vdc
+16 Vdec
-24 Vdc
+24 Vde

6.2.2.1.2 Housekeeping Panel
+10 Vdc
+15 Vdc
+16 Vde
+24 Vdc
-15 vde
-16 Vdc
-24 Vdc

6.2.2.1.3 PCM Control Panel

+24 Vdc
6.2.2.2 Verify the following status lights.
6.2.2.2.1 AGE Power Panel

+28 Vdc ON

+15 Vde ON

115 Vac ON

6.2.2.2.2 AGE Control Panel
Crvogen LVL

10% CFF
60% QFF
100% OFF
Mirror Heater OFF
Heater
ENHST OFF
Dewar
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AGE Control Panel (Continued)

DISAB ON

Linear T OFF

Full OFF
WARNING

EXHAUST Heater OFF

Dewar Heater OFF
PWR SUPPLY PKG ON
Commands

INSTL ON

RMVL OFF

Vehicle Control Panel

Power
PWR SUPPLY PKG ON
SYSTEM ON
Commands )
INSTL ON
RMVL OFF
RMVL INHB ON

PCM Control Panel
PCM AGE Power ON
AGE Clock OFF

AGE Housekeeping Panel

System Status

RMVL OFF

INSTL COMP OFF

oP CMD OFF

BBC OFF

EDC JFE

RMVL STAT OFF
FORM MSD l3l<H-2 REV 9-73
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Read and record the "Launch Critical' meters on the AGE Housekeeping
Panel and the voltage at the test pt.

DET PKG FACE NUMBER ONE
HEAT EXCHANGER

REAR COVER

COLD BACKGROUND PLATE
POWER SUPPLY HEAT SINK
SENSOR VACUUM

DEWAR PRESSURE

Verify the elapsed time meter on the AGE Housekeeping Panel is running.
Cryogen Fill

Connect the cryogen fill equipment as shown in Figure 2. 1If the
sensor is warm at the start of the fill, paragraph 6.3 must be
completed. If the sensor is cold due to an earlier cryogen fill,
proceed to paragraph 6.3.5 and bypass the integrated flow meter, etc.

Record the elapsed time meter reading.

Adjust the GHe pressure to obtain a vent flow rate of 50 to 60 liters
per minute for the first four hours, then increase the flow rate to
between 60 and 75 liters per minute until the Central Tube Exp
temperature (Housekeeping Panel} is 1.2 Vdc.

At 30 minute intervals after the start of fill and until the fill has
been completed, record to following:
Time
Integrated Flow
Flow Rate
Housekeeping Panel:
Detector Package Face Number One
Heat Exchanger
Rear Cover
Cold Background Plate
Power Supply Heat Sink
Sensor ‘acuum
Detector Package race :

Detector Pachage Rear
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6.4.3 Record the DC level of the 18 L channels on the Detector Output Panel.

6.4.4 Connect the oscilloscope to detector channels S16 on the Detector
Qutput Panel.

6.4.4.1 Take a photograph of the noise.

6.4.4.2 Actuate the EM Diode on the Vehicle Control Panel. Take a photograph
of the emitter diode signal.

6.4.53 Connect the oscilloscope to detector channel M9 on the Detector Output
Panel then repeat 6.4.4.1 and 6.4.4.2.

6.4.6 Connect the oscilloscope to detector channel L12 on the Detector
Output Panel then repeat 6.4.4.1 and 6.4.4.2.

6.4.7 Connect the FM tape recorder to each of the 57 detector channels of the
Detector Output Panel. Actuate the EM Diode on the Vehicle Control
Panel and record at least one cycle of the emitter diode from each
detector channel.

6.4.8 PCM Verification

6.4.8.1 Turn ON the decommutator power.

6.14.8.2 Dial word no. 005 and place word/frame switch in "word" position.

6.4.8.2.1 Connect vehicle data 1 (PCM control panel) to the +8 Vdc (vehicle
control panel). The decommutator will read 1022 - 1. Disconnect the
+8 Vde.

6.4.8.2.2 Short the input to vehicle data 1. The decommutator will read :zero
<1, -0.

n.4.3.3 Connect the FM tape recorder to the decommutator analog output. Dial
the appropriate word for each of the 57 detector channels (see Table 1
Actuate the EM diode on the Vehicle Control Panel! and record at least
one cvcle of the emitter diode from each detector channel.

6.4.3.4 Connect the oscilloscope to the decommutator analog output. Dial
the appropriate word for detector channel Sib.

n.4.3.1.1 Take a photograph or the noise.

TR TS \ctuate the EM Jdiode on the “ehicle Jontrol Panei. Tar2 a Dhotograph
& she emister diode signal

~odods Jial the aporovriate word for Jetector channel MO then rereat
paragrapns ».o 4030100 and o480

TORM MSD ili-H-2 REV 973
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Opt Cone Mask
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Central Tube Exp
Outer Housing
Det Sig Procsr H
Blackbody

Dewar Clg Post
Det Pkg Face 3
Det Pkg Cone

Sec Mirror Suppo
Opt Hsg Fwd Obs
Central Tube Obs

Front Cover
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6.3.4 Housekeeping Panel - (Continued)

S

rt

Electronics Heat Sink
Vent Gas
6.3.5 After the Central Tube Exp temperature is 2 1.2 Vdc, bypass the
integrated flow meter with the vent gas. Then increase the GHe
pressure to 2.5 *+ .5 1b. The pressure gauge on the dewar can be used
for this setting.
6.5.6 Record the time and voltage when the 10% indicator lights.
(AGE Control Panel)
6.3.7 Record the time and voltage when the 60% indicator lights.
(AGE Control Panel)
6.3.8 Record the time and voltage when the 100% indicator lights.
* (AGE Control Panel)
6.5.9 After the 100% indicator lights reduce the GHe pressure to 2,0 + .5 lb.
and continue cryogen flow for 3 + 1 minutes.
6.3.10 Use the AGE heater as required while capping the fill and vent line.
6.3.11 Record the amount of crvogen required to complete the rill.
6.4 Detector Tests
6.4 Record the OC level of the 18 35 channeis on the Detec:zcr Cutput Tanel.
6.1.2 Record the DC level of the 18 VM channels an the Detector Jutput rfanel.
FORM MSD i3l-H-2 REV 9-"3
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6.4.8.6 Dial the appropriate word for detector channel L12 then repeat
paragraphs 6.4.8.4.1 and 6.4.8.4.2.

6.4.8. Dial the appropriate word for all signals of word numbers 063 and 064
and frame numbers 004 through 028 that are listed in Table 1. Place
word/frame switch in the Frame position. Record each signal level.

7. ENVIRONMENTAL TESTS

s

~

General

Prior to and following the environmental test, portions of the
baseline tests will be completed. This will verify there is no
degradation of operation due to the environmental test. The vibration
test will be conducted =t AETL in Fullerton, California.

Portions of the Baseline test required prior to and following the
environmental test.

Repeat 6.1.
Repeat 6.2.
Repeat 6.3.
Repeat 6.4.4.
Repeat 6.41.5.

Repeat 6.4.6.

Actuate the EM Diode on the Vehicle Control Panel and use the
oscilloscope to verify operation of each detector channel on the
Detector Qutput Panel.

Repeat 6.4.8.1.

Repeat 6.4.8.2.

Repeat 6.4.8.4.

w1

Repeat 6.4.8.

Repeat 6.4.8.6.

Repeat 6.4.8.7.

Actuate the EM Diode on the Vehicle Control Panel and use the
oscilloscope to verify operation of each detector channel uat the
decommutator analog output.

FORM MSD 131-H-2 REV 9-73




{

Rockwell International Cor?oratlon
Missilie Systems Division
. Ovo €3218 Anahewn Caid 92

COOE IDENT NO 51218

NUMBER REVISION LETTER PAGE

C77-1108/201 Lt 11 12

~J

~

(]

.
9
.

3

o
N

[ &¥]
.

[V

[

[
.

I~

Vibration Test
General

The telescope assembly and PCM will be subjected to vibration tests

in thrust, which is defined in Figure 3. Accelerometers will be mounted

as defined in Figure 4. The response will be recorded on magnetic
tape and X-Y plots will be produced for evaluation. The system will

be cryogenically cooled and power will be applied for the test. Visual

inspection shall be made to the equipment after the vibration test.

Sinusoidal Test

.1 Install the vibration fixture on a slip table. The vibration fixture

will be mounted to the shaker head for excitation in the thrust axis.

L2 Install control accelerometers at the mounting points.

.3 Equalize the vibration fixture and shaker head. Review the resulting

X-Y plots prior to proceeding.

.4 Install the telescope assembly and PCM.

.5 Equalize the vibration fixture and the sensor. Review the resulting

X-Y plots prior to proceeding.

.6 Install the accelerometers for thrust axis vibration excitation.

Refer to Figure 4.

Perform 6.1, 6.2 and 6.3 of the Baseline test.

.8 Perform a frequency survey with the following conditions: *
Type Signal ¢ Sinusoidal
Frequency Range 5 to 2000 H:z
Sweep Range < 1 octave/minute

Mtg. Point Max. Transmissibility < + 3 db

Crosstalk <3 db of input at all frequencies

Data X-Y vlots and FM tape orf each
accelerometer

10 to 50 H:z 1.5 32

50 to led H: 5.9 2

160 to 2000 H: 3.0 2

Y

* Perform a low 3" level run © 1.3 7 and cvaluate thoe v-% (0
nrior to proceeding.

1
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7.2.2 Random Test
7.2.2.1 Reneat 7.2.1.1 through 7.2.1.7 for the thrust axis.
7.2.2.2 Perform the random vibration with the following conditions.
Frequency Range 20 to 2 KH:
Duration 10 seconds
Level 0.025 gZ/H:
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APPENDIX A
DATA SHEET
Paragraph Signal Reading Tolerance
6.2.2.1.1 8 vdc 8 vdc + .4 vdc
-16 vdc -16 vdc + .8 vdc
16 vdc 16 vde + .8 vdc
-24 vdc -24 vde + 1.2 vde
24 vdc 24 vde + 1.2 vdc
6.2.2.1.2 10 vdc 4 vde + .50 vde
15 vdc 4 vde + .50 vdc
24 vdc 4 vde + .50 vdc
-15 vdc 4 vdc + .50 vdc
-16 vdc 4 vde + .50 vdc
-24 vdc 4 vdc + .50 vdc
+16 vdc 4 vdc + .50 vde
6.2.2.1.3 +24 vde 24 vde + 1.2 vde
6.2.2.3 Det. Pkg. Face
Number One
Heat Exchanger
Rear Cover
Cold Background
Plate
Power Supply Heat
Sink
Sensor Vacuum
Dewar Pressure
6.3.2 Time
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COOE IDENT. NO. 94756

NUM

M
REVISION LETTER

BERC77-1108/201 R

PAGE )¢

DATA SHEET
PARACRAPH

6.3.6
6.3.6
6.3.7
6.3.7
6.3.8
6.3.8
6.4.1

6.4.1

APPENDIX A

SIGNAL TIHE . READING
Time
102 Voltage Level

Time
60% Voltage Level
Time
100%2 Voltage Level
s1
s3
s3
s4
s5
S6
S7
S8
s9
sio
s
s12
$13
. 514
sis
si6
s17
s18
s19

RRRRRRRRRE RN RRE RN

JOLE RANCE
_Not Applicable
6.2 + 0.25 vdc
Not Applicable
6.2 + 0,25 vdc

Not Appl icable.

6.2 + 0.25 vdc
Not Applicable

Not Applicable
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PAGE 17

DATA SHEET

PARAGRAPH
6.4.2

6.4.2

SIGHAL TINE

APPENDIX A

=]
=
o

M

S 8 & EB S

3 &

Mi0
M
M12
M3
M4
M1S
M6
M7
Mi8
H19

RERRRRRRNRNRSERRANY

TOLERANCE
Not Applicable

Not Applicable
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PAGE 18

DATA SHEET
PARAGRAPH
6. 4 . 3

6.4.3
6.4.8.2.1
6‘4‘3l2.2

SIGIAL TIME
L]
L2
L3
L4
L5
L6
L7

APPENDLX A

* READIMG

TOLERAMCE
Mot Applicable

Not Applicable
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COOE IDENT NO. 51215

NUMBER REVISION LETTER
C77-1108/201 T T 1 T 1T 1T PAGE 19
DATA SHEET APPENDIX A
PARAGRAPH 6.4.8.7
WORD  FRAME
NO. NO. SIGNAL READING
063 004 Dewar Pressure
064 004 Sensor Vacuum
063 005 Vent Pressure
063 006 Electronics Heat Sink Temperature
064 006 Vent Gas Temp
063 007 DSP Heat Sink Temperature
064 007 Power Supply Heat Sink Temperature
063 008 Central Tube, Exposed, Temperature
064 008 Rear Cover Temperature
063 009 Central Tube, Obscured, Temperature
064 009 Outer Housing Temperature
063 010 Secondary Mirror Support Temperature
064 010 Detector Package Face *1 Temperature
063 (1) 9% Detector Package Cone Temperature :
064 011 Detector Package Face #2 Temperature
263 012 Detector Package Rear Temperature
064 012 Detector Package Face #3 Temperature
063 013 Heat Exchanger, Forward Temperature
064 013 Optical Cone, Mask, Temperature
063 014 Optical Housing Forward, Exposed Temp.
064 014 Background Plate, Center, Temperature
063 015 Optical Housing, Fwd., Obscured, Temp.
064 015 Front Cover Temperature
0635 020 Dewar Cooling Post #1 Temperature
064 020 Blackbody Temperature
63 122 Detector Heater Power
n6d 22 Dewar Heater Power
063 023 Blackbody Heater Drive
064 n23 Cover Motor Current (Spare)
FORM MSD L3l-H=2 REV 9-"3
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CODE IDENT. NO. 94756
[NUMBER REVISION LETTER
77-1108/201 T T T T T T 1 PAGE 29
DATA SHEET APPENDIX A
PARAGRAPH 6.4.8.7
WORD  FRAME
NO. NO. SIGNAL READING
063 024 +24 Vdc
064 024 -24 Vdc
063 025 +16 Vdc
064 025 -16 Vdc
063 026 +15 Vdc
064 026 -15 Vde
063 027 +10 Vdc
064 027 -10 vdc
063 028 + 8 Vdc
064 028 + 5 Vdc
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PAGE 24

Ly

o

10

2.

3.

5.

The fcllowing describes the location of the accelerormeters for the Hi
Telescepe bnvirenmental Acceptance Vibration Test,
accelerareters it te required that the input vibratien fixture be monitered bv
a triad (three rurually orthosonal axes)
‘ ri.“‘
directions of vih

4,

APPENDLIX B

Pe-28 1O SO LEL® A macty
(OuaLLY 1P81LE 0 mania i
Pulrcals

K\L » |ﬂif___

Y

I'i Star
In addition to the follewing

acceleranieter,  The input axes of the
aceeleroreter are to be atigned paraftel with the three rutually ortho;onal
c.tion input,

Iriad accelerormcter located on the telescope outer housing supyort rod
stiffoning ring. This ascceleroreter is to he in a plane passing tiru the
telescope longitudioral axes (Line of Sight) and the center line of the
crvogen {ill pert, The input axes of the triad accelerometer are to be
aligned parallcl with the threc rutually orthogonal derCtIO“‘ of vibration
input,

&l near the center
L4010 S 4 YIIII‘A,;
- s, Tre input
axes of tLe trlad accclcrc cter are to be alxﬂned warallcl vwith the thrce
mutually orthogonal directions of vibration input.

Triad accelerometer mounted to the frcnt cc.\'e.r
line of the tclesccpe,

Ihls aee-l
L] &Wl

La w7 C T\"—l‘.-u

A single axis acceleromcter mounted to the flange of the rear cover ncar the
hermetic connector plate. This accelercrmeter is to be aligned with its input
axis parallel to thc lengitudional axis of the telcscope.

A single axis accelercreter meunted to the front cover sealin; flarge of tie
outer housing. The accelerometer input axis is to he aligned ﬂar:llcl with
the iongitudional axis of the telescope.

A single axis accelerometer mounted to the scaling flange of the freat cover,
This accelcrometer is to he located directly opposite the accelercrster
mounted to the front flange of the outer hkeusirg, The accelercmeoter input
axis is to te aligned parzllel with the .0*5113013"11 axis of t-e telescepe,

Fipure &

A 13)1-»-2REV.T7-73
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APPENDIX C

TABLE 1 SPICE DECOM SIGNAL FORMAT
WORD FRAME
NO. NO. . SIGNAL .
001 Not Applicable Sync Word No. 1 {1il11101011)
002 " Sync Word No. 2 (11001100il)
003 " Sync Word No. 3 (0100000000}
004 " Subframe Identification {000009:i111l1)
005 " Vehicle Data #1
006 " Sensor Detector Al - Sl
007 " Sensor Detector A2 - Ml
008 " Sensor Detector A3 - LI
009 " Sensor Detector Al - S2
010 " Sensor Detector 32 - MZ
011 " Sensor Detector A3 - L2
012 " Sensor Detector 1\l - S3
015 " Sensor Detector A2 - M3
014 " Sensor Detector A3 - LI
015 " Sensor Detector Al - Sd4
016 " Sensor Detector A2 - Md
017 " Sensor Detector A3 - L4
018 " Sensor Detector Al - S5
019 " Sensor Detector A2 - M5
020 " Sensor Detector A3 - L3
021 " Sensor Detector Al - S6
022 " Sensor Detector Al - Mo
023 " Sensor Detector A3 - Lb
024 " Sensor Detector Al - ST
25 " Sensor Detector A2 - M7
026 " Sensor Detector A3 - LT
927 " Vehicle Data =2
28 " Sensor Detector Al - 33
029 " Sensor Detector Al - M5
330 ! Sensor Detector 5 - L3
951 ~ot Applicable Sensor Detector Ml - 33

A 13l-M-2 AEV. 7.73
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PAGE

26

APPENDIX C
TABLE 1 SPICE DECOM SIGNAL FORMAT
WORD FRAME
NO. NO. SIGNAL
032 Not Applicable Sensor Detector A2 - M9
033 " Sensor Detector A3 - L9
034 " Sensor Detector A! - S10
035 " Sensor Detector A2 - M10
036 " Sensor Detector A3 - L10O
037 " Sensor Detector Al - Sll
038 " Sensor Detector A2 - MIl
039 " Sensor Detector A3 - Lil
040 " Sensor Detector Al - S12
041 " Sensor Detector A2 - MI12
042 " Sensor Detector A3 - L12
043 " Sensor Detector Al - S13
044 " Sensor Detector A2 - M13
045 " Sensor Detector A3 - L13
046 " Sensor Detector Al - Sl4
047 " Sensor Detector A2 - Ml4
048 " Sensor Detector A3 - LI4
049 " Vehicle Data #3
050 " Sensor Detector Al - S15
051 ' Sensor Detector A2 - MIL5
052 " Sensor Detector A3 - L15
053 " Sensor Detector Al - Slé
054 . Sensor Detector A2 - Ml6
053 " Sensor Detector A3 - Llb6
056 " Sensor Detector Al - 517
057 " Sensor Detector A2 - MLT
138 " Sensor Detector A3 - L1~
159 " Sensor Detector Al - 313
AN " Sensor Detector Al - MLIS
nel " Sensor Detector A - Lid
M Not Applicable Space :Rate: 1300 3¢,

A 131-m-2 REV.7.7)
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APPENDIX C
TABLE 1 SPICE DECOM SIGNAL FORMAT

WORD FRAME WORD
NO. NO. IDENT. SIGNAL
063 000 & 016 Bl Emitter Diode No. 1 Current
064 000 § Ole B2 " " No. 2"
063 001 § 017 B3 " " No. 3"
064 001 § 017 B4 " " No. 4 "
063 002 § 018 BS " " No. 5 "
064 002 & 018 B6 Emitter Diode No. 6 Current
063 003 § 019 C1 Bit 1 (MSB) Chopper Clock
" " " Cl Bit 2
" " " Cl Bit 3
" " " Cl Bit 4 Blackbody Chopper Drive
" " " Cl Bit S
" " " Cl Bit 6 Cover Removal Status
" " " Cl Bit 7 Cover Removal Command
" " " Cl Bit 8 Cover Installation Complete
" " " Cl Bit 9 Cover Removal Comﬁlete
063 003 & 019 C1 Bit 10 (LSB)
064 005 & 019 C2 Bit 1 (MSB) Emitter Diode No. 1 Status
" " " C2 Bit 2 " " No. 2 "
" " " C2 Bit 3 " " No. 3 "
" " " C2 Bit 4 " " No. 4"
" " " C2 Bit 5 " " No. 5 "
" " " C2 Bit 6 Emitter Diode No. 6 Status
" " " C2 Bit 7 Emitter Diode Calibrate
" " " C2 Bit 8 Blackbody Calibrate
" " " C2 Bit 9
064 103 § 019 C2 Bit 10 (LSB)
063 004 C3 Dewar Pressure
ded 004 Ci Sensor Vacuum
BLX] 03 C5 \V'ent Pressure
64 105 Co Primary Mirror Temp
065 06 cT Electronics Heat Sink Temp

A 131-m.2 REV . 7.73
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APPENDIX C

TABLE 1 SPICE DECOM SIGNAL FORMAT
WORD  FRAME WORD
NO. NO. IDENT. SIGNAL
064 006 (08} Vent Gas Temp
063 007 c9 DSP Heat Sink Temp.
064 007 Cl0 Power Supply Heat Sink Temp.
063 008 Cl11 Central Tube, Exposed, Temperature
064 008 Cl12 Rear Cover Temperature
063 009 Cl3 Central Tube, Obscured, Temperature
064 009 Cl4 Outer Housing Temperature
063 010 C15 Secondary Mirror Support Temperature
064 010 Cle Detector Package Face #1 Temperature
063 011 c17 " " Cone Temperature
064 011 C18 " " Face #2 Temperature
063 012 C19 " ! Rear Temperature
064 012 c20 Detector Package Face #3 Temperature
063 013 c21 Heat Exchanger, Forward Temperature
064 013 c22 Optical Cone, Mask, Temperature
065 014 c23 Optical Housing Forward, Zxposed Temp.
064 014 c24 Background Plater, Center, Temperature
063 01s C2s Optical Housing, Fwd., Obscured, Temp.
064 015 Cc26 Front Cover Temperature
065 020 c27 Dewar Cooling Post #1 Temperature
064 020 Cc28 Blackbody Temperature
063 021 C2y Spare
064 021 C30 Spare
063 022 C31 Detector Heater Power
064 22 C32 Dewar Heater Power
063 023 C33 Blackbodyv Heater Drive
Ned 023 c34 Cover Motor Current /Spare?)
)65 923 235 «24 Vde
‘64 )2d 36 -4 Vde

A l31.m.2 REV *.7)3
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CODE IDENT. NO. 94756
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APPENDIX C
TABLE 1 SPICE DECOM SIGNAL FORMAT
WORD FRAME WORD
NO. NO. IDENT. SIGNAL
063 025 Cc37 +16 Vdc
064 025 c38 -16 Vvde
063 026 Cc39 +15 Vde
064 026 C40 -15 Vde
063 02° c41 +10 Vde¢
064 027 Cca2 -10 Vde
063 028 C43 +8 Vde
064 028 C44 +5 Vde
063 029 C45 Spare
064 029 cdeé Spare
063 030 c47 Spare
064 030  C48 Bkgrd - SB
063 031 C49 Bkgrd A> MB
064 031 C50 Bkgrd A; LB
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